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ABSTRACT 
This thesis reports the synthesis and spectroscopic characterization of several series of 
liquid crystalline octa-substituted phthalocyanines bearing long aliphatic alkyl chains. These 
compounds are potentially useful as one-dimensional organic conductors. The aggregation 
behavior and photophysical properties, liquid crystalline behavior of these macrocycles are 
also reported. 
Chapter 1 presents an overview of the chemistry of phthalocyanines substituted with long 
alkyl chains, focusing on their liquid crystalline behavior and photoconducting property. The 
syntheses and applications of these compounds are also described. 
Chapter 2 describes the preparation of 
4,5-bis(3,4,5-tris(dodecyloxy)phenylethynyl)phthalonitrile using a typical Sonogashira 
coupling reaction of 4,5-dichlorophthalonitrile and 3,4,5-tris(dodecyloxy)phenylethyne. This 
dinitrile undergoes self cyclization in the presence of Mg(0Bu)2 to give the corresponding 
magnesium phthalocyanine with 24 long dodecyloxy chains. Owing to the strong 
intermolecular interactions, the compound is aggregated in common organic solutions as 
shown by absorption spectroscopy. The liquid crystalline behavior of this compound has 
been examined by differential scanning calorimetry (DSC) and polarizing microscopy. 
The preparations of a series of phthalocyanines containing different kinds of ester 
substituents are reported in Chapter 3. Under the common basic cyclotetramerization 
i 
conditions in various alcohols, the methoxy carboxyl group undergoes a transesterification 
with the alcohols to give phthalocyanines substituted with different terminal groups in one step. 
Their spectroscopic and photophysical properties as well as the aggregation behavior in organic 
solutions have been investigated. The liquid crystalline behavior of these compounds has also 
been briefly examined. 
Chapter 4 discusses the potential usage of a novel series of zinc(II) phthalocyanines 
substituted with short poly(ethylene glycol) chains in photodynamic therapy. Although they 
are essentially non-aggregated in organic solvents and show a moderate singlet oxygen 
quantum yields, they exist in dimeric form in aqueous media. Their in vitro activities toward 
HepG2 cells have also been briefly examined. 
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Chapter 1 Introduction 
1.1 General Background of Phthalocyanines 
Phthalocyanine was discovered accidentally as a highly colored compound 
in 1907 during the studies of reactions of some ortho-disubstituted benzene 
derivatives] The structure of this compound remained unknown until Linstead et 
al} who used the technique of elemental analysis, molecular mass determination and 
oxidative degradation (which gave phthalimide) to show that phthalocyanine is a 
symmetrical compound composed of four imino-isoindoline units with a central 
cavity of sufficient size to accommodate one divalent metal ion in place of the two 
central protons (Figure 1.1). It is a planar macrocyclic molecule bearing a 
pronounced resemblance to the porphyrin core that appears as a building block in 
numerous biological assemblies. The highly conjugated phthalocyanine core is 
constructed from 32 carbon and 8 nitrogen atoms which share 38 7i-electrons in an 
aromatic ring structure. Thus, it absorbs strongly in the red visible region (ca. 670 
Q y ' ^ t V 
y-K y - N . 
V . > : 、 J N X J " 
v W 
1 z 2 
Figure 1.1 Structure of a metalloporphyrin 1 and a metallophthalocyanine 2. 
1 
nm labeled as the Q-band) and in the near-ultraviolet region (ca. 340 nm labeled as 
the B or Soret band), giving an intense characteristic blue-green color. 
Due to the intense color, good thermal and chemical stability, 
phthalocyanines were first employed as blue / green pigments in the photographic, 
printing, and dyes industries.^  They also exhibit intriguing optical properties'^ '^  
which allow them to be used as nonlinear optical materials in optical limiting devices^ 
and optical recording materials in optical storage media.? Phthalocyanines have a 
widespread usage in chemical sensors for different gases^ such as oxygen,^ '^ ^ 
chlorine，⑴ and nitrogen dioxide." Besides, they are promising photosensitizers in 
12 
photodynamic therapy for the treatment of cancer and eye diseases. They are also 
effective catalysts in a variety of chemical reactions including hydrogenation of 
multiple bonds，i3 oxidative degradation of pollutants,and electroreduction of water 
to hydrogen gas」5 In addition, their unusual photo and electrical properties'^ "^  enable 
them to be used as photoconductors,^^ photovoltaic cells,^ ^ and other types of 
converters of visible light energy (from solar radiation) into other forms of energy 
including chemical^^ and electrical energy.^ ^ Other applications that are relevant to 
the present work include molecular conducting materials in which the macrocycles 
are stacked together via the huge Ti-system, forming columnar liquid crystal 
structures. ‘ This provides an electronic pathway for the delocalization of the 
2 
charge carriers generated upon oxidation. 
1.2 General Background of Liquid Crystals 
The discovery of discotic liquid crystals is generally dated to the work of 





 although the concept that mesophases should be formed by 
23 
disc-like, as well as rod-like molecules was already recognized by DeGennes and 
others.24 Since then, quite a few disc-like molecules giving discotic mesophases 
. • 2< 27 
have been studied, and their structures investigated with X-ray diffraction.“ 
Discotic mesogens with a phthalocyanine core were first reported by Piechocki et al 
in 1982.20 The 71-71 orbital overlap and electrostatic interactions between adjacent 
phthalocyanine cores induce the molecules to self-assemble into one-dimensional 
columnar structures in condensed phases. At the periphery of the aromatic core, alkyl 
chains can be attached which usually lead to liquid crystallinity and self-organisation 
into two-dimensional hexagonally-ordered structures.^ ^ It is now clear that discotic 
mesophases can be observed with organic compounds whose structures contain a rigid 
and flat/planar aromatic core, and are generally surrounded by six or eight flexible 
aliphatic chains. However, exceptions to these "rules" are now rather common. 
3 
The liquid crystalline phase is a state of matter that is regarded as an 
intermediate between a solid crystal and an isotropic liquid. A liquid crystal can 
flow like an ordinary liquid, while other properties, as for example the birefringence, 
are reminiscent of those of a crystalline phase. This combination leads to the name 
liquid crystal, which is in fact a contradiction in terms. Other words in use are 
mesophase (meaning intermediate phase) or mesomorphic phase. 
crystalline solid liquid crystal isotropic liquid 
(K) (D) (I) 
melting point clearing point 
Higher temperature, Lower Order 
騰 _ 縣 
Rectangular Hexagonal Nematic 
Columnar Columnar No 
Coir Colh 
Figure 1.2 The liquid crystalline phase on the temperature scale. 
When a substance showing a liquid crystalline phase is heated at the 
melting point, the solid changes into a rather turbid liquid. When observed between 
crossed polarizers, this fluid phase is found to be strongly birefringent. Upon further 
heating a second transition point is reached where the turbid liquid becomes isotropic 
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and consequently optically clear (clearing point, see Figure 1.2). The melting point 
and the clearing point define the temperature range in which the mesophase is 
thermodynamically stable. Both phase transitions are first-order, as indicated by the 
occurrence of a latent heat and a jump wise change in the density. At the clearing 
point, however, these quantities are usually an order of magnitude smaller than those 
at the melting point. For convenience, sometimes the transition temperatures are 
expressed in a linear notation, where K (according to new guidelines, it should be 
denoted as "Cr" instead of “K” in future) stands for the crystalline state, I for the 
isotropic liquid and N, Dh, etc. for the corresponding liquid crystalline phase in 
between. For example, K 118 N 135.5 I or Cr 17 Dh 149 I. The temperatures are in 
degrees Centigrade (°C). 
A compound that possesses such a mesophase is called a mesogenic 
compound. We shall use the term "liquid crystal" for the liquid crystalline phase of 
a mesogenic compound. Liquid crystals of this type are called thermotropic. They 
can occur as single-component systems that show a mesomorphic behavior in a 
definite temperature range. Liquid crystalline phases can also exist as an 
intermediate between the solid state and an isotropic solution. The amount of 
solvent is then the most important variable: these are called lyotropic liquid crystals. 
An interesting account of the history of liquid crystals and some references • are 
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given in the reference section. 
It is necessary to point out a few remarks about terminology. Soon after 
the discovery of liquid crystalline disk-like m o l e c u l e s , t h e word "discotic" was 
introduced to distinguish these mesogens from the familiar rod-like or calamitic-type 
mesogens. However, before long, terms such as "discogen", "discotic phase", etc., 
began to be used extensively in the literature, and the word "discotic" and related 
terms came to be applied loosely to describe the molecules as well as the mesophases 
formed by them. Strictly speaking, it is the molecules that are discotic and not the 
mesophases, which may be columnar, nematic or lamellar. Thus, care is necessary in 
the use of these terms in order to avoid any ambiguity. 
1.3 Structural Classification of the Mesophases 
Available experimental evidence indicates that the presence of long side 
chains is crucial to the formation of discotic liquid crystals. As mentioned 
previously, they may be classified broadly into three main types:^ ^ columnar, nematic 
and lamellar. 
L3.1 The Columnar Liquid Crystals 
The basic columnar structure is illustrated in Figure 1.3: the disks are 
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stacked one on top of another to form columns and the different columns form a 
two-dimensional lattice. The structure is somewhat similar to the hexagonal phase 
of soap-water and lyotropic systems,^^ but several variants of the structure have been 
identified - upright columns, tilted columns, hexagonal, rectangular, etc. In some 
cases, the columns are liquid-like, i.e. the molecular centers are arranged aperiodically 
within each column, while in others they are arranged in a regular ordered fashion. 
c r x z x p c z x z O 
_ _ 
upright columns tilted columns 
Common variations in stacking within the columns 
讓 謹 I 
Disorderd (d) Ordered (o) Tilted (t) 
Common variations in stacking of the columns 
凝 M M 
o© 
Hexagonal (h) Rectangular (r) Oblique (ob) 
Figure 1.3 Schematic diagrams illustrating the basis for the classification and 
nomenclature of the discotic mesophases. For the columnar phases the subscripts 
are often used in combination with each other. Hence Drd refers to a (two 
dimensional) rectangular lattice of columns within which the discs are stacked in a 
disordered manner. 
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The columnar phase is denoted by the symbol D (according to new 
guidelines, it should be denoted as "Col" instead of "D" in future) with appropriate 
subscripts to distinguish the different modifications. For example, the subscript "h" 
stands for a "hexagonal" lattice of columns, ‘‘r” for a "rectangular" lattice, "d" for a 
"disordered" stacking of the molecules in each column, "o" for an "ordered" stacking 
and "t" for tilted columns. Hence Drd refers to a (two dimensional) rectangular 
lattice of columns within which the discs are stacked in a disordered manner. 
Typically, if a compound forms both a Dr phase (rectangular columnar) and a Dh 
phase (hexagonal columnar), the Dr phases are found at lower temperatures. It 
should be noted, however, that exceptions exist. 
A tilt of the molecular core with respect to the column axis is a common 
feature in these structures. In the very first report on the hexa-alkanoyloxy 
benzenes,22 it was noted that the X-ray photographs contained a few weak diffraction 
spots not quite conforming to true hexagonal symmetry, but the quality of the X-ray 
patterns in these early studies did not warrant a more refined analysis. Subsequently, 
Frank and Chandrasekhar noted that, when seen under a polarizing microscope, the 
extinction brushes (or crosses) in the optical textures of the mesophases do not 
coincide with the polarizer-analyser directions, but are usually tilted with respect to 
these directions (Figure 1.4). From this and other optical observations, they 
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concluded that the plane of the rigid aromatic core (in which resides the anisotropy of 
molecular polarizability, and the diameter of which is only about a third of the whole 
molecule) is not normal to the column axis, but inclined to it at an angle of about 
55-60®, indicating that the lattice should be pseudo-hexagonal. This was confirmed 
Q 
by Levelut who found that the columnar phase of the hexa-«-octanoate of benzene 3 
(Figure 1.5) has a rectangular lattice with an axial ratio of 1.677，which departs from 
the true hexagonal value of y^ by about 3%. Figure 1.6 shows a schematic 
representation of the structure of a column in which the cores are tilted with respect to 
the column axis and the chains are in a highly disordered state. 
_ • 圍 
Figure 1.4 Circular domains with curved column axes showing oblique extinction 
brushes in pure benzene hexa-n-hexanoate (a，b) and in its mixture with a few percent 
by weight of benzene (c). The mesophase of the mixture is slightly more mobile 
than that of the pure material, but has the same structure. Polarizer-analyzer 
directions are vertical and horizontal.]? 
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Figure 1.5 Structure of Figure 1.6 The structure of a column 
hexa-alkanoyloxy benzenes 3 (R = in which the molecular cores are tilted 
C„H2n+i). with respect to the column axis and the 
chains are in a highly disordered state. 
1.3.2 The Nematic Phase 
The nematic phase formed by disk-like molecules, designated by the 
symbol No, is a fluid phase showing schlieren textures similar to those of the classical 
nematic phase of rod-like molecules (Figure 1.7): it is an orientationally ordered 
arrangement of disks with no long-range translational order. However, unlike the 
usual nematic phase, N o is optically negative, the director n now representing the 
preferred axis of orientation of the molecular short axis or the disk normal. 
； Figure 1.7 (a) Schlieren texture of the 
ji^^^lijte. “ nematic phase of hexa-n-hexyloxybenzoate 
^ ^ ^ ^ ^ ^ of triphenylene. (from Destrade et al) 
I g l g M ^ ^ ^ ^ ^ ^ ^ ^ (b) Schematic representation of the 
^ ^ m i ^ m S ^ nematic phase (No) of disk-like molecules. 
(a) (b) 
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Figure 1.8 Schematic diagram of the structure of the 
columnar nematic phase induced by charge transfer 
^ ^ ^ interactions between an electron donor, 
( J J ^ i f ^ l ^ imilll pentakis(phenylethynyl)phenylalkyl ether (in black), 
'^^^lllifff^^ and an electron acceptor, 2,4,7-trinitrofluorenone 
(hatched). 
The addition of electron acceptor molecules such as 
2,4,7-trinitrofluorenone (TNF) to electron donating discotic molecules results in the 
formation of charge transfer complexes, which stabilize (or, in non-mesomorphic 
materials, induce) mesophases.^ "^"^ ^ A new type of induced mesophase identified in 
such systems is the columnar nematic (Nc) phase, the structure of which consists of 
columns (Figure 1.8). Transitions from Nc to Dho have been observed in mixtures of 
TNF and a pentakis(phenylethynyl)phenylalkyl ether.^ "^'^ ^ 
1.3.3 The Lamellar Phase 
Giroud-Godquin and Billard"^ ,^ who prepared and investigated the first 
discotic metallomesogen, Z?/5'(p-n-decylbenzoyl)methanatocopper(II), 4，(Figure 1.9) 
suggested that its mesophase has a lamellar structure. Similar conclusions have been 
drawn by Ohta and coworkers43-44 from X-ray studies and by Ribeiro et al.^^ from 
N M R investigations. Sakashita et a!，have proposed a tilted smectic C type 
structure, as depicted in Figure 1.10. 
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Figure 1.9 Structure of Figure 1.10 Schematic representation 
b /5(p-n-decyIbenzoyl)methanato- of the structure of the lamellar phase of 
copper(II), 4，(R = C10H21). the copper complex 4，with R = C12H25. 
A variety of discotic metal complexes have been synthesized which exhibit 
columnar or lamellar phases^^. X-ray determinations of the crystal structures have 
been useful in elucidating the structures of the complexes and the mesophases formed 
by them.47 Some of them have a layered arrangement in the crystalline phase 
(Figure 1.11), but it would be fair to say that the disposition of the molecules in the 
lamellar mesophase is not yet completely understood. 
In summary, the least ordered (usually highest temperature) mesophase 
formed by disk-like molecules is the nematic (ND) phase which is directly comparable 
to the nematic phase formed by calamities. The molecules in such a phase have 
orientational order but no positional order. Examples of Nd phase remain rather few, 
and more common are those phases in which the molecules stack into columns, the 
columns then being organized in a two-dimensional lattice. Columnar phases show 
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rich polymesomorphism and they are normally classified at three levels: according to 
the symmetry of the two-dimensional array, the orientation of the core with respect to 
the column axis, and (sometimes) the degree of order within the column. 
# 1 
(a) 
Figure 1.11 (a) Crystal structure of Z? w [(1 -p-n-hepty Ipheny 1, 
3-p-n-heptyloxyphenyl)propane-1,3-dianato]copper(II): arrangement of the molecules 
perpendicular to the crystallographic a axis. (b) Crystal structure of 
bis[( 1 -p-n-heptylphenyl, 3 -p-n-hepty loxypheny l)propane-1,3 -dianato] copper(II): 
arrangement of the molecules perpendicular to the crystallographic b axis. 
1.4 Applications of Columnar Discotic Liquid Crystals 
1.4.1 General Properties of HA Tn Materials and Phthalocyanines 
Much work has been focused on the hexa-alkoxytriphenylenes (HATn) 
materials (Figure 1.12). Their electrical properties are typical of wide band-gap 
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transparent columnar liquid crystals in general and can be considered as a model 
system. 
O R O R 
R O ^ ^ NO2 
R = CeH.3 … R = C6H13 
O R 6 13 O R 6 13 
R 〇 v ^ 
R = C g H ^ a 
Figure 1.12 Examples of liquid crystalline hexa-alkoxytriphenylenes materials 
(HATn). 
The HATn are chemically stable, important for electro-optical applications; 
their chemistry is often more accessible than that of other discogens such as the 
phthalocyanines. These materials can now be produced in large quantities, in high 
purity and at an economic price. Routes for the synthesizing low molar mass 
discotics, polymeric discotics, and for introducing substituents into the triphenylene 
ring are now available,"^ ® and hence are not discussed here. 
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The phthalocyanine (Pc) discogens (Figure 1.13) have been extensively 
studied and their synthesis and properties are well documented.'* These macrocyclic 
compounds together with the porphyrin analogues are well known narrow band-gap 
columnar liquid crystals."^ ^ 
R O - a / — o r R 0 \ / 〇 R 
I 兑 总 
RO N 乂 A N OR N ^ N - ^ N 
V v i ‘ v V " t M H ^ o r 
H N 食 N R c H 
O Cr 7 8 ^ 1 305 I \ \ ^ s J c o L 309 1 
r O _ / ^ V _ 〇 R RO OR 
RO OR 
N Cu N 
H 
/ \ R = C10H21 
\ - J J Cr 86 Colrd 88 Colhd 198 I 
RO OR 
Figure 1.13 Examples of liquid crystalline phthalocyanines. 
A brief comparison of the main properties between these wide band-gap 
and narrow band materials is given in Table 1.1 below. 
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Table 1.1 Comparison of the main properties of wide band-gap and narrow 
band-gap materials. 
Key properties HATn and related compounds Phthalocyanines and related compounds 
Band gap 4 to 5 eV < 3 eV 
Electronic mobility 10"- to lO"* cm^ V"' s"' no transits but cm" V"' s ' ' 
Mobility anisolropy > 10^ in undoped state noi measured 
-10^ in doped state 
Undoped concluctiviiy < 10"'"* S/cm 7 = 300 K - l O ' ' " S/cm 
Doped conductivity -10"^ S/cm 7 = 3 0 0 K 10"^ S/cm 
Fluorescence yield 7 = 300 K can be >0.1 
O, binding <0.5 eV 1 -2 eV 
�C h a r g e carrier gen. efficiency ~ lO""" at 尸二 lO^ V/cm >10"^ same F. T 
“ and at 7 = 3 0 0 K ^ 
Clearing temperatures T‘ < 100 °C 1 8 0 � C 
Birefringence An <0 .1 0 .5> A « > 0 . 1 
Ionization energy (condensed phase) 6 - 7 eV 5 - 6 eV 
1.4.2 Supramolecular Channels and Wires 
One of the most interesting applications of such highly organized 
columnar assemblies is in the field of one-dimensional organic conductors.^^ 
Supramolecular wires and channels are examples of this area, where the transportation 
of energy, charge and ions takes place in the hollow region (Figure 1.14).^ ^ 
Ideally, a supramolecular wire or channel should have a central core containing highly 
mobile electrons surrounded by an insulating mantle. The mobile electrons may be 
provided by aromatic macrocycles containing delocalized Ti-electrons and the 
insulating mantle may consist of saturated hydrocarbon chains. There are two 
important features to be considered: 
i. The electronic conductivity along the columnar axes and 
ii. The ability of the peripheral hydrocarbon chains to act as an insulating layer 
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hollow core aromatic core 
\ / — 
" Figure 1.14 Construction of 
I self-assembly ,, 1 1 . 1 1 1 
T supramolecular wires and channels 
by self-assembly of molecular 
^ ^ ^ ^ building blocks. 
supramolecular channel supramolecular wire 
Although the crystalline state provides the highest level of order and 
stability, the liquid crystalline structure, or more precisely, the columnar structure is 
believed to play an important role in the charge transportation as it has the advantage 
that a certain degree of mobility is still present 
(Figure Thus the 
superstructure can be aligned or switched by external fields, for example electric and 
magnetic fields. In addition, there are evidences showing that chain length of 
12-carbons can significantly reduce the loss of energy or electron. Although this can 
still occur via tunneling effect in a time-scale of millsecond (ms)，the main 
transportation will be along the channel in a microsecond (jis) time-scale.^ ^ 
Diag旧（a) Di〒a« (b) FiguFC 1.15 Schematic representations 
I of the columnar stacking of Pc molecules 
一—亡 '».3fl that are (a) perpendicular to the columnar 
3.广 — ^ axis in the mesophase, (b) tilted w.r.t. the 
<=rzcz==i3=» ^^^^^ columnar axis in the solid phase. The 
^ ^ ^ numbers indicate the center-to-center 
distance by powder X-ray diffraction 
(a) mesophase (b) solid phase , 
^ measurement. 
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Recently, Ohta and coworkers have synthesized a series of 
octakis-(alkylthio)-substituted phthalocyanines 5a-d [abbreviated as (C„S)8PcH2，《 二 8， 
10,12，16] and their copper complexes 6a-d [abbreviated as (C„S)8PcCu，« = 8, 10, 12， 
16], and thoroughly investigated their mesomorphism. The synthesis of these 
compounds is shown in Scheme Each of the derivatives shows a Dh mesophase 
in very wide temperature region (Figures 1.16 and 1.17). In the Dh mesophases a 
mixture of monomer stacking and dimer stacking exists in the columns. Upon heating, 
the parallel dimer stacking gradually changes into the herringbone shape dimer stacking 
by thermal fluctuation (Figure 1.18). 
RS SR 
(i) DBU _ N H H N 
C5H11OH )N 、N( 
RS RR 
KpCOa/DMSO^  5 (C„S)bPCH2 
Q A A C N ash • RSJJLCN 一 
RS SR 
(i) DBU. CuCl2 (anhydrous) V ^ J^ ：^  
CsHnOH N Cu N 
闩s SR 
6 (CnS)8PcCu 
Scheme 1.1 Synthetic route to the octakis(alkylthio)phthalocyanine derivatives; 5a, 
5b，5c, and 5d, and the corresponding copper(II) complexes; 6a, 6b, 6c, and 6d. 
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Figure 1.16 Photomicrograph of the Dh 
mesophase of (Ci2S)8PcH2, 5c, at 250 
fcXpcM Phase mol:’】 
|M=2H^ n relaxation 
5a K 6 8雇 . 6 1 , ca.340 ^ 丄 
5b — Z 、 - • 々 码 继 : c a . 3 4 0 I dc 
‘ 丨 
J. 48.2[129.2] _ ^ 286.1 [11.3]. ca.360 
5c Kiv Dh g H . L — d c 
K2, 77.3_々 
K3V BLey 
Ki 41,5[147.5] Z 
| m = C u I 
6a K I ^ M — — . D h _ _ . d c 
K s s m a ^ D , ⑵.290 一 dc 
Z K. ^ ^ 
Kav Z L m S L - / 
^ 81.3 
L.. 26.5 . 2617(10^  
97.8 / 
Ksv」 
Figure 1.17 Phase transition temperatures and enthalpy changes of the (C„S)8PcM (M 
= 2 H , Cu, 77 = 8，10，12, 16) derivatives. Phase nomenclature: K = crystal, Dh = 
discotic hexagonal columnar mesophase, IL = isotropic liquid, dc = decomposition; X 
is an unidentified phase because of the limit of the instrument; v means virgin state. 
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For those phases where no data are given the enthalpy change could not be accurately 
obtained, because the phases obtained are not sufficiently pure for the determination. 
(a) ParaUel(colaclal) transition dipoles: Blue-shift case (c) Co-planar(slipped) transition dipotes: Shift depends on angle o. 
— 日 叫 — 卜 n i T 廣 
E, ^ ^ ^ Forbiden ： ： ： 
G J Z) 0. 6 54.7' 90' 
Monomer Dimer Monomer Dimer 
levels levels levels levels 
(b) Irvine transition dlpOes: Red-shift case (d) Obllque(herrln9bone) transition dipoles: Band-splitting case • 
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levels levels W levels levels 
Figure 1.18 Exciton energy diagrams for various dimers. 
As illustrated in Figure 1.19，the Q-bands correspond to the electronic 
transition between the H O M O and L U M O levels. Hence, the red-shift means that 
the energy gap between the H O M O and L U M O narrows on changing from alkyl 
and/or alkoxy groups to alkylthio groups. This may result in pushing up the 
electroconductivity, because electrons may more easily move in the one-dimensional 
columns giving a narrower energy gap. The electroconductivities were previously 
measured by using Pulse-Radiolysis Time-Resolved Microwave Conductivity 
(PR-TRMC) and it was shown that the conductivities of the alkylthio-substituted 
derivatives actually become higher than those of the alkoxy-substituted derivatives for 
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the Dh mesophase. Moreover, the (Ci2S)8PcH2 derivative is the present record 
holder with a mobility value of 0.28 cm^ V ^ s"^  (at 190。C). 
e . - , — — r ？ 
''-'—I °2g LUMO 
Soret band Q band Qy Qx 
aiu L - I : _ L aiu HOMO 
a 2 u J b i u 
( C n S ) 8 P c C u ( C / ^ S ) 8 PCH 2 
Figure 1.19 Schematic energy levels of the Q-bands of (C;,S)8PcM (M = 2H, Cu). 
1.4.3 Phthalocyanine Based Gas Sensors 
Compounds 7 (Figure 1.20) and 8 (Figure 1.21) have been fabricated and 
tested recently by Wright, Cook and coworkers.^^ These sensors exploit the low 
band gap of the material and detect the gas by way of real charge transfer from the 
core to the adsorbed species. The relatively strong molecular oxygen reactivity can 
also be used through the indirect mechanism of oxygen displacement. The kinetics 
of oxygen desorption can be adjusted to some extent by changing the side-chain 
structure and length. The response to NO2 was shown to be as low as 1 ppm at 7 = 
300K. With NO2, the reaction is a real charge transfer from the molecule to the gas. 
21 
/ \ 
/ ~ 0 0 — V B 
( a ) r 力 
o o 
H • 
r o N ^ N r o 
c�•^ 
O O 
^ o o — ^ 
7 
：：丨 ^ 
(b) (0 J：. / . 
|i»o • / 
' • ^ ^ t v A A A I 乂 
0 2 4 « I 10 12 14 ie 18 20 22 i " , . i i .   
Tlmt / f f l inut f i o m t j o oj t olio t w o n 
Log[N02 c o n c » n l r t t ) o n (ppm)} 
(d) (e) 
2 0.9 X 
I r-^ n n n r I / 
肌 r / 
口 U 」0.6 / 
0 2 4 6 « 10 12 14 16 18 20 22 / 
T l n c / m l n u l « i / 
0.8 I 1 ‘ ‘ 1  
0.0 0.1 0_2 0 . 8 0 .4 O.S 0 .8 0 . 7 
Log(NOi concaRlral lon/ppm) 
Figure 1.20 (a) Crown-ether substituted phthalocyanines (M = 2H or Cu; n = 0, 1 or 
2). (b) The semiconductivity changes for a film of 15-crown-5 metal-free 
phtbalocyanine at room temperature exposed to clean dry air for 2 min then to 1，2，3，4 
and 5 ppm NO2 in dry air for 2 min periods with reversal in clean dry air for 2 min after 
each exposure, (c) Calibration curve for 15-crown-5 metal-free phthalocyanine in 
1-5 ppm NO2. (d) Room-temperature response of a KCl-treated 21 -crown-7 metal-free 
phthalocyanine film exposed to 1-5 ppm NO2 as for (b). (e) Calibration curve for 
KCl-treated 21-crown-7 metal-free phthalocyanine in 1-5 ppm NO2. 
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Figure 1.21 (a) 1,4-5/5(4-hydroxybutyl)-8,11,15,18,22,25-hexaoctylphthalocyanine. 
(b) Absorbance against number of LB layers, (c) 30-layer LB film exposed to 1-5 ppm 
NO2. (d) 30-layer LB film exposed to five sequential pulses of 3 ppm NO2. (e) 
30-layer LB film exposed to 60 sequential pulses of 1 ppm NO2； responses to 
and 60th pulses, (f) 20-layer LB film exposed to 3 ppm NO2 in dry air and in air of 
40% relative humidity. 
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1.5 General Synthesis of Liquid Crystalline Phthalocyanines 
1.5.1 Peripherally Substituted Phthalocyanines 
1.5.1.1 Octakis(alkoxymethyl)phthalocyanines 
2,3,9,10,16,17,23,24-Octakis(dodecyloxymethyl)phthalocyanine was the 
first discotic phthalocyanine reported.^ ^ Many derivatives with different side chains 
and central metal ion have then been synthesized using a similar procedure.^^ As 
shown in Scheme 1.2, o-xylene undergoes ring bromination followed by benzylic 
《A 
bromination to give tetrabromoxylene 9. “ Nucleophilic substitution with 
alkoxides yields Z)/5(alkoxymethyl)dibromobenzenes, which can be converted to the 
corresponding phthalonitriles by the treatment with copper(I) cyanide in D M F . 
Conversion of phthalonitriles to phthalocyanines can be achieved in a number of ways. 
Direct routes include treatment of the phthalonitriles with lithium alkoxide in 
refluxing alcohol (e.g. «-pentanol), or simply in refluxing A^//-dimethylaminoethanol 
(DMAE). Alternatively, the phthalonitriles can be converted to the 
diiminoisoindolines, by treatment with ammonia, followed by cyclization in refluxing 
D M A E . Metallated derivatives are then synthesized by treating the metal-free 
phthalocyanines with the appropriate metal salts. It is common for these two steps to 
be performed together. 
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Scheme 1.2 Synthesis of peripherally substituted 
octakis(alkoxymethyl)phthalocyanines (X = O) and related thio analogues (X = S). 
Reagents: (a) Br!; (b) NBS; (c) RX"; (d) CuCN/DMF; (e) N,N-dimethylethanolamine, 
reflux; (f) CsHiiOLi/CsHiiOH, reflux, (g) H+; (h) NHs/MeOH; (i) M , acetate. 
Examination of the mesophase behavior within a series of derivatives 
(Table 1.2) reveals several trends. Most simple derivatives bearing straight side 
chains and with no central metal or a small central metal ion give hexagonal 
mesophases. Incorporation of small, divalent metal ions into the central 
phthalocyanine cavity tends to stabilize the discotic mesophase, while lengthening of 
the side chains has the opposite effect. Replacement of oxygen by sulfur has little 
effect on the clearing temperatures, but melting points are raised. 
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Table 1.2 Transition temperatures for octakis(alkoxymethyl)phthalocyanines and 
related thio analogues (see Scheme 1.2 for structures). 
XR M Phase transitions 
O Q H n Ni Cr68DIdecomp 
0 C , H , 7 C o Cr 72D Idecomp 
0CsH,7 Pb Cr一45(53) Dh 158(115)1 
OCpH.5 H, Cr 78 D^ 264 1 
0CpH,5 Cu Cr53Dh>300I 
O C P H O S Z N C R 7 8 D H > 3 0 0 I 
O C P H . 5 M N C R 4 4 D H 2 8 0 I 
OC 丨 , P b Cr-12Dhl25I 
0 C P H , 5 S N ( O H ) , C R 5 9 D , 114 1 
OC,sH37 Pb (Cr 46? 601) 
0(CHOCH-,0).CH3 H , C R < 2 5 D H > 3 0 0 I 
OCH-,CH(Me)OCpHo5 H, Cr 23 D, 66 D, 158 I 
0CH.CH{Me)0CpH^5 Cu Cr 29 D 191 I 
SCpA，5 H-, Cr 95 D 267 1 
SC|,H，5 C u Cr 108 D 304 1 
0C,H4SC|2H’5 H, Cr 52 D 247 I 
OC,H4SCpH,5 Cu Cr 70 D 255 I 
O - p - Q H ^ d p九 5 H , <rt Dho > 3 0 0 I 
1.5.1.2 Octa-alkoxyphthalocyanines 
Scheme 1.3 shows the general synthesis of peripherally substituted 
octa-alkoxyphthalocyanines.^ ^ Firstly, catechol is alkylated and then brominated to 
give dialkoxydibromobenzenes. Reaction with copper(I) cyanide in D M F affords 
the phthalonitriles, which can be converted to phthalocyanines under standard 
cyclization conditions. The lithium alkoxide/alcohol method is usually avoided to 
prevent any possibility of transesterification. Many compounds of this type have 
been synthesized, and their mesophase behavior is summarized in Table 1.3. 
Straight-chain derivatives tend to form very stable, ordered hexagonal 
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mesophases.59-61 it is often that they undergo decomposition before their clearing 
temperatures are reached (>300°C). Within the homologous series, the general trend 
is that the melting point decreases with increasing the chain length, although some 
odd-even alternations are apparent for the lower homologues. Melting points are 
marginally higher for the copper derivatives but, in general, incorporation of small 
metal ions has a small stabilizing effect on the mesophase. An exception appears to 
be nickel octakis(dodecyloxy)phthalocyanine,^^ the clearing temperature of which is 
significantly lower than that of the parent metal-free compound. Incorporation of a 
silicon atom bearing two axial hydroxyl groups has a dramatic effect on the 
mesophase properties of the series.^ ^ As would be expected, the sterically 
demanding axial substituents destabilize the columnar mesophases and the derivatives 
have relatively low clearing temperatures and narrow mesophase ranges. 
^ a r b • 
RO OR c 
AO A OR n c ^ Y ^ O " 
巧 各 “ OA N C A ^ N D R 
Q 
RO OH 
Scheme 1.3 Synthesis of peripherally substituted octa-alkoxyphthalocyanines. 
Reagents: (a) RX/base; (b) Br】；(c) CuCN/DMF. 
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Table 1.3 Transition temperatures for peripherally substituted 
octa-alkoxyphthalocyanines. 
R M T r a n s i t i o n d a t a 
C5H" H, Cr 121 D >350 1 
C6H,3 H. Cr 119(102) Dho >345 I 
QH,3 CU CRL20DH。>345 I 
C7H,5 H2 Crl04 Dhc>345 1 
C7H15 Cu CrilODho>345 I 
Q H 丨 7 H ^ Cr94Dh。？Idea>mp 
CgHn Cu Cr ll2Dho?Idecomp 
CgH.y Si(OH), Cr59 84 1 
H . C r 101(107) D h o > 3 4 5 I 
^ C9H19 Cu Cr l06Dh。>345 I 
C.oH.i H, Cr94Dh。345 IdeccKnp 
C,oH., Cu Crl04Dho>345 I 
CioH;丨 SiCOH), Cr58Dh, 87 1 
C u H , 3 H . C r 83 D h �3 3 4 Idecomp 
C n H 2 3 C u C r 9 2 D h。 > 3 4 5 I 
C p H , 5 H . C r 8 3 D h。 3 0 9 I 
‘“ Cr 9 5 - 1 1 0 D h o 333 I 
Cr 75 Dho 2691 
CpH.5 Co Cr 85-91 D 345 1 
CpH；, Ni Cr 96-98 D 2541 
C,;H;5 CU CRL05DH。310I 
" Cr95 Dho?Idccomp 
Cr 95 Dho>345 I 
C r 7 8 D h o 3 i O I 
‘ • Zn Cr99D 375 I 
CpH;5 SiCOH), Cr59 0,^ 94 1 
C 二 Si(0H)2 Cr55Dhdl07I 
C,6H33 S K O H ) . C r 5 6 D h d 8 9 I 
C18H37 Si(0H)2 C r 5 6 D h d 8 7 I 
CH,CH(Et)C4H9 H2 Cr 170 (158) 223 Nd 270 (255) I 
CH;CH(Et)C4H9 Cu Cr204 D^  242 Np 2901 
CHXH(Et)C^ H9 Pt Cr <-100 D。b 2051 
CH;CH(Et)C4H9 Pb <-100 D, 79 D ? I 
C,H4CH(Me)C3H6CH(Me)2 H. 、70 D^ ^ 295 I 
C,H4CH*(Me)C3H6CH(Me)2 H^  D. 16 D^ * 111 D? 295 I 
C;H4CH(Me)C3H6CH(Me)C3HeCH(Me), H. D^  34 D^.^  173 Dh、2 185 I 
Dtet, t e t ragonal d i s c o t i c , D j , s q u a r e d i s c o t i c . ch i ra l . 
Chain-branching leads, in some c a s e s , t o a more complicated phase 
behavior and polymesomorphism. The octakis(2-ethylhexyloxy)phthalocyanine (as 
a mixture of diastereomers) provides a good e x a m p l e . T h e crystalline solid 
melts to form a discotic tetragonal (Dtet) mesophase at 170°C. Further heating yields 
2 8 
a nematic mesophase (still relatively rare for discotic systems) between 233°C and 
270°C. Even more complex phase sequences are observed when large central metal 
ions are introduced into the central cavity of this material.^ ^ 
1.5.1.3 Octa-alkylphthalocyanines 
The synthesis of peripherally substituted octa-alkylphthalocyanines was 
first described by Cuellar and Marks^^ and has been modified by other researchers to 
prepare the liquid crystalline derivatives (Scheme 1.4). o-Dichlorobenzene is 
alkylated with a Grignard reagent in the presence of a nickel catalyst to give 
dialkylbenzens.70 Ring bromination with molecular bromine followed by reaction 
with copper(I) cyanide in D M F yields the dialkylphthalonitriles. The phthalonitriles 
can then be cyclized to the corresponding phthalocyanines using standard procedures. 
The mesophase behavior of these materials can be compared with the 
closely related alkoxy derivatives. As shown in Table 1.4, the 
octa-alkylphthalocyanines give higher melting points, and often lower clearing 
temperatures, implying that the columnar arrangement is less well favored. It should 
also be noted that most of the literature implies that the octa-alkylphthalocyanines 
tend to form rectangular mesophases. Metallation stabilizes the mesophases by 
raising the clearing temperatures. 
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‘ Q 
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Scheme 1.4 Synthesis of peripherally substituted octa-alkylphthalocyanines. 
Reagents: (a) RMgBr, Ni catalyst; (b) Br); (c) CuCN/DMF. 
Table 1.4 Transition temperatures for peripherally substituted 
octa-alkylphthalocyanines (see Scheme 1.4 for structure). 
R M Phase transitions 
CsHu H. Cr 323 D 379 
C 5 H , , Cu Cr 342 D >450 I 
C6H,3 H2 Cr 250 D 363 Idecomp 
Q H i ] Cu Cr 259 D >450 I 
C6H,3 Ni Cr 260 D 412 I 
QiH|7 H, Cr 186D 325 I 
CgHn Cu Cr 180 D >450 I 
Q H n Ni Cr 190 D 373 I 
C,oHoi Hi C r l 6 3 D 282 I 
CioHoi Cu Cr 169 D 3511 
C|oH” Ni Cr 168 D 333 I 
C p H ” H, Cr 120 D 252 I 
CH.CH(Et)C4H9 H2 叫 63 269 1 (Cr 267 I) 
CH2CH(Et)C4H9 Ni Cr 293 1 
1.5.1.4 Octakis-(alkoxycarbonyl)phthalocyanines 
A series of liquid crystalline ester derivatives of 
2,3,9,10,16,17,23,24-octacarboxyphthalocyanine have been synthesized by Dulog and 
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Gittinger.7i The octacarboxyphthalocyanine is prepared from 
benzenetetracarbonitrile (tetracyanobenzene) in two steps, namely cyclization under 
standard conditions followed by hydrolysis with potassium hydroxide in triethylene 
glycol.72 The acid derivative is then esterified with an alkyl bromide using D B U in 
acetonitrile (Scheme 1.5). The mesophase behavior is essentially the same for all the 
derivatives studied (pentyl to dodecyl), with the materials exhibiting a hexagonal 
columnar mesophase (Dh。）from below room temperature to above 300°C. 
NC CN 









Scheme 1.5 Synthesis of peripherally substituted 
octa(alkoxycarbonyl)phthalocyanines.7i 
Reagents: (a) PrOLi/PrOH, reflux, 50%; (b) KOH/triethylene glycol, 190。C，72%; (c) 
RBr/DBU/CHsCN, reflux, 26-38%. 
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1.5.1.5 Octa-(p-alkoxylphenyl)phthalocyanines 
Ohta et al” have prepared a series of octa-(p-alkoxyphenyl)phthalocyanines 
using the synthetic route shown in Scheme 1.6. Intermediates 10 are common 
precursors to prepare triphenylene-based mesogens.74 The cyclopentadienone 
intermediates generated from 10 are trapped with dicyanoacetylene^^ and the resulting 
adducts undergo spontaneously re-aromatization with loss of carbon monoxide to give 
3,4-Z?/5(p-alkoxyphenyl)phthalonitriles 11. The phthalocyanines are then prepared 
by treating the phthalonitriles with D B U in refluxing 1-pentanol. 
/ - w O R / ^ w O R / - w O R 
I H O I I 
O ^ ^ ^ a b N ^ Y ' ^ T ^ 
^ ^ - ^ O R ^ ^ ^ O R ^ ^ O R 
R � “ � R c 
R O O R 
Scheme 1.6 Synthesis of peripherally substituted 
octa-(p-alkoxyphtnyl)phthalocyanines.73 
Reagents: (a) CHsCOCHs/BuOK/EtOH/refluxMh; (b) dicyanoacetylene/TsOH, 
17-81%; (c) DBU/C5H11OH, 15-42%; (d) DBU/C5H11OH/CUCI2, 70-73%. 
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The mesophase behavior of these materials is summarized in Table 1.5. 
Compounds with straight chains (decyloxy or longer) form discotic mesophases. At 
high temperatures a second phase is formed with concomitant decomposition. The 
mesophase structure is dependent on the central ions, with the metal-free derivatives 
giving exclusively hexagonal mesophases, whereas the copper derivatives form 
rectangular structures. Chain branching, which is known to lower transition 
temperatures, has the opposite effect in this series. The more flexible 
dodecyloxymethylphthalocyanine has a remarkably wide mesophase range. It is 
likely that the phenyl rings are able to achieve coplanarity with the phthalocyanine 
core, creating a "super-disk" structure. 
Table 1.5 Transition temperatures for peripherally substituted 
octa-(p-alkoxyphenyl)phthalocyanines (see Scheme 1.6 for structures). 
Substituent M Phase transitions | 
- CejH-OCjjH 17 H2 Cr 285 ？decomp 
-C6H4OC10H2, H . Cr 229 D 267 ？ e^comp 
-C5H40CSH,7 CU C R 2 2 2 ?decomp 
-C,H40C , 2H25 H . Cr 192 D^, 261 ？decomp 
- Q H 4 0 C , 2 H 2 5 C U Cr 120 D,, 227 ？ C^COMP 
-C6H4OC18H37 H. Cr 78 Dhd 253 
• decomp 
-C6H40CH2CH(Et)C4H9 H^ Cr 275 ？decomp 
CH2OC6H4C12H25 H2 <rtDho>300I 
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1.5.1.6 Tetrakis[oligo(ethyleneoxy)] phthalocyanines 
McKeown et al. have synthesized mesomorphic phthalocyanines bearing 
four oligo(ethyleneoxy) substituents in the peripheral positions7^ Their synthesis is 
shown in Scheme 1.7 along with the mesophase behavior of the final products. The 
ethyleneoxy substituted phthalonitriles are prepared via a base-catalyzed nitro 
77 
displacement of 4-nitrophthalonitrile with poly(ethylene glycol) monomethyl ether. 
Cyclization under normal conditions yields the phthalocyanines as a mixture of 
regioisomers. The compounds give a single thermotropic hexagonal mesophase, as 
well as a range of lyotropic mesophases in water. 
+ b,c 
CHaCCaH^O^OH 〖 
0 ( C 2 H 4 0 ) n C H 3 
6 
C H 3 { O C 2 H 4 ) n O - ^ ^ N H H N p l 3 - 0 ( C 2 H 4 0 ) n C H 3 
• 9 
0 ( C 2 H 4 0 ) n C H 3 
n=3: Cr 78 Dyx,>300l 
n « 8 : C r 1 1 Dho 口 < H 8 0 I 
Scheme 1.7 Synthesis of tetrakis[oligo(ethyleneoxy)]phthalocyanines7^  
Reagents: (a) K2CO3/DMF; (b) CsHnOLi/CsHnOH, reflux; (c) H+. 
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1.5.2 Non-Peripherally Substituted Phthalocyanines 
1.5.2.1 Octa(alkoxymethyl)phthalocyanines 
In general, the synthesis of the non-peripherally substituted 
phthalocyanines is less straightforward than their peripherally substituted counterparts, 
requiring routes to 1,4-disubstituted phthalonitriles as the precursors. The synthesis 
is based on the Diels-Alder reaction between a furan or thiophene-1,1 -dioxide and 
fumaronitrile as shown in Scheme 1.8. 
f R p 
6 + j T _ 




广 A A ^ c n 
U ^ s o ” I j 丁 
n c / - H a Y ^ C N 
R 
Scheme 1.8 The synthesis of 1,4-disubstituted phthalonitriles via a Diels - Alder 
reaction between a furan or thiophene-1,1-dioxide (diene) and fumaronitrile 
(dienophile). 
As shown in Scheme 1.9,78-79 lithiation of furan followed by quenching the 
anion with (bromomethyl)alkyl ether gives the mono-substituted furan. Repetition 
of this procedure gives 2,5-bis(alkoxymethyl)furans7^ A more straight forward 
procedure involves chlorination of 2,5-furan dimethanol with thionyl chloride, 
followed by nucleophilic displacement of the chloro groups with sodium alkoxide^^ 
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The fiirans are equilibrated with fumaronitrile for a week and the Diels-Alder adducts 
aromatize upon treatment with lithium Z)/5(trimethylsilyl)amide (a non-nucleophilic 
base), followed by an acidic work-up. The 3,6-^ /^ (alkoxymethyl)phthalonitriles can 
then be cyclized under standard conditions (e.g. lithium in pentanol). 
X L J \ 
V 
r i JCy 
^ O ^ C H a O R A O C H 2 八 O ^ C H a O f l 
Q 
C H 2 O R C H z O R 
丄 0 
CH2OR CH2OR 
A ， n ^ ^ N 严 
： jvS ——I 丨 
R O C H 2 c 哪 
R O C H a ^ ^ ^ ― C H z O R 
Scheme 1.9 Synthesis of non-peripherally substituted 
octa(alkoxymethyl)phthalocyanines.79 
Reagents: (a) SOCI2； (b) RONa/ROH, 36-78% over two steps; (c) BuLi; (d) 
ROCHsBr, 20% overall (Cg)； (e) fumaronitrile; (f) LiN(SiMe3)2/THF; (g) H+，4-23%; 
(h) ROLi/ROH, A; (i) H+，7-34%; (j) M ' acetate, 72-87%. 
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It can be seen from Table 1.6 that short-chain derivatives form rectangular 
mesophases and longer homologues form hexagonal mesophases. The intermediate 
compounds (^-heptyloxymethyl and «-octyloxymethyl) form both, with the hexagonal 
phase being formed at higher temperatures. Chain branching usually leads to 
derivatives (produced as mixtures of diastereomers) that are liquid crystalline 
(rectangular) at room temperature (i.e. lower melting points). The peripherally 
substituted octa(2-ethylhexyloxy)phthalocyanine however is an exception in which it 
has a significantly higher melting point than its corresponding straight-chain isomer. 
Table 1.6 Transition temperatures for non-peripherally substituted 
octa-(alkoxymethyl)phthalocyanines (ROCHi") (see Scheme 1.9 for structures). 
R M Phase transitions [ 
C4H9 H2 Cr 185 D,^ >3001 
C5HH H2 Cr 123 >3001 
Q H j a H . C r S 5 D r d > 3 0 0 I 
C7H,5 H，Cr79Drd?(90-120)Dh>300I 
C7H15 Cu Cr 84 D > 3 0 0 I 
C7H,5 Zn Cr 70 D >300 I 
C^ Hn H, Cr67 D^ ？ (80-220) D^  >300 I 
C9H,9 H, Cr75 Dhj>300 1 
C,()H2, H, Cr 64 Dhd>300 1 
C H , C H ( E t ) C 4 H 9 H 2 D r d 2 3 6 I 
C H ( M e ) C 6 H i 3 H a D , ^ 1 0 6 1 
1.5.2.2 Octa-alkylphthalocyanines 
3,6-Dialkylphthlaonitriles have been prepared from 2,5-dialkylfliran'^ '^^ ® or 
2，5-dialkylthiophene.80 Both heterocycles are synthesized in a similar manner by 
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lithiation and alkylation of either furan or thiophene, respectively. Generally, the 
thiophene route is preferred because dialkylation can be performed in a single step, 
and the final Diels-Alder reaction (between fximaronitrile and the corresponding 
sulfone) goes to completion and yields the required phthalonitriles without the need 
for a strong base or inert conditions. The dialkylthiophenes can be oxidized to the 
corresponding sulfones using either m-CPBA, sodium perborate or 
dimethyldioxirane.8i The phthalonitriles are cyclized using the lithium/pentanol 
method. The synthesis is shown in Scheme 1.10. 
fl 




X . C N 




Scheme 1.10 Synthesis of non-peripherally substituted octa-alkylphthalocyanines. 
Reagents: (a) BuLi; (b) RBr; (c) fximaronitrile; (d) LiN(SiMe3)2/THF76; (e) H+， 
25-30%; (f) [O]，35-51%78; (g) fumaronitrile, A, 40-48%78; (h) CsHnOLi/CsHnOH, 
reflux; (i) H+，18-25%; (j) M，acetate, 80-94%. 
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The mesophase behavior of a series of these 
octa-a-alkylmetallophthalocyanines is summarized in Table 1.7. It can be seen that 
the melting point decreases as the length of the side-chain increases, the effect being 
most remarkable for the lower homologs. At longer chain lengths (octyl and above) 
a pronounced odd-even fluctuation is observed. The clearing temperature decreases 
linearly with increasing chain length. The central metal ion also has a significant 
influence on mesophase behavior. The largest mesophase stabilization is observed 
when zinc is incorporated into the discogen, giving derivatives with higher transition 
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temperatures of mesophase stabilization and the order is Zn > Co > Cu > Ni, H2. 
Table 1.7 Transition temperatures for non-peripherally substituted 
octa-alkylphthalocyanines (see Scheme 1.10 for structures)^ . 
R ^ Co ^ Cu ^  
C5H,, Cr218I Cr 2201 Cr261 I Cr279 D^ 2921 
CeHij Crl61Dhdl71I Cr 177 D 252 I Cr 145 D j^ 164 D^ d. 169 I Cr 184 D j^ 236 D j^. 242 I Cr 209 D j^ 280 D^ d. 285 I 
C7H15 Cr 113 Dhd 145 Dhd. 1631 Cr 118 D^ a 169 I [D^ d 104 D„j Cr 145 D j^ 205 D^ d. 236 I Cr 158 Dhj 248 Dhj. 272 I 
CgHn Cr 85 Drf 101 Dhd 152 I [D^ 74 D^] Cr 66 D j^ 153 I P^j 55 D � C r 9 6 D^ a 156 Dj^ . 2201 Cr 105 D^ d 224 D^ .^ 2581 
C9H19 Crl03 Dhd 1421 Phd 74 D J Cr 92 Dhj 1521 Cr 108 Dhd 208 I 99 D^jCr 114 D^j 177 D^ .^ 242 I 
CiqH；, Cr 78 Dhd 1331 Cr75D 1891 Cr64 D^ d 1371 Cr 88 1981 [D,^  69 D^] Cr 90 107 D^ 225 I 
‘Transitions in square brackets refer to monotropic phases. 
This class of phthalocyanine discogens shows a rich polymesomorphism. 
All compounds give a hexagonal phase when they are cooled from the isotropic liquid. 
In some cases, further cooling leads to a second hexagonal or a rectangular phase and 
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more rarely, an additional monotropic re-entrant hexagonal phase is observed. It is 
interesting to note that the closely related non-peripherally substituted 
octa-alkoxyphthalocyanines and non-peripherally substituted 
q 1 
octa-alkoxyphthalocyanines are non-mesomorphic. 
1.5.3 Unsymmetrically Substituted Phthalocyanines 
A number of unsymmetrically substituted phthalocyanines have been 
synthesized and found to be mesogenic. Their synthesis is generally difficult, 
involving cyclization of a mixture of phthalonitrile derivatives, followed by tedious 
separation of the products (Scheme 1.11). 
or NH NH 於 
{ A I NH I B T . N H l = r 
NHa NHg ^ 
+ many other products 
Scheme 1.11 Routes to unsymmetrically substituted phthalocyanines. 
Reagents: (a) RO"; (b) A^ ，IV-dimethylaminoethanol, reflux. 
Simon and coworkers^ "^^ ^ have synthesized peripherally substituted 
dicyanohexakis(dodecyloxymethyl)phthalocyanines 12 (Figure 1.22a) and found that 
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the compounds have a remarkably stable hexagonal mesophase. 
Cook and coworkers have also synthesized a range of unsymmetrical 
non-peripherally substituted phthalocyanines 13 (Figure 1.22b). Their mesophase 
behavior (Table 1.8) is extremely sensitive to the degree of asymmetry (substituents) 
in these non-peripherally substituted systems. Mesophase behavior is destroyed if 
the diester 14 is saponified to give the diacid [R2 = R3 = (CH2)3COOH]. Similarly, 
substitution of an additional alkyl group in the penta-alkyl 
mono-3-hydroxypropylphthalocyamnes leads to materials [R2 = R3 = (CH2)30H] that 
give only monotropic mesophases.^ 
ROCH2 CH2OR ,1、 
( a ) 0 崎 
N ^ N FI3 
H 
R0CH2 CH2OR ^ 
12 13 
R-C，2H25:Cr 40 Dh>300 I 
Figure 1.22 Structure of unsymmetrical (a) peripherally substituted 12 and (b) 
non-peripherally substituted phthalocyanines 13. 
41 
Table 1.8 Transition temperatures for unsymmetrically substituted phthalocyanines 
13. 
R] R2 R3 R4, R5 Phase transitions 
CjoHj, (14) (CH2)3C02C5H" R2 H Cr71 D 1201 
CfeHjj (CH2)30H R丨 H Cr 94 D 1481 
C7H15 (CH2>30H Ri H Cr75 D, 117 0^1291 
C8HI7 (CH2)30H R丨 H Cr55 D‘/74Dh 112 1 
C10H2, (CH,)30H R, H Cr 39 D 821 
C6H,3 H" H -0C(Me)，0- Cr 244 D 259 1 
C7H15 H H -0C(Me);0- Cr 186 D? 235 D^ 237 I 
C8H,7 H H -0C(Me)20- Cr 183 D? 208 D^ 2261 
C9H19 H H -0C(Me)20- Cr 155 D? 192 Dh 2161 
CjoHo, H H -0C(Me)20- Cr 138 D-^  180 D^ 207 1 
1.5,4 Liquid Crystalline Metallophthalocyanines 
1.5.4.1 Copper Phthalocyanines 
Simon and coworkers have synthesized a series of octasubstituted copper 
phthalocyanines 15 in 1982.^ ^ Complex 16，for example, bearing four benzo 
15-crown-5 substituents has also been made. These compounds have been found to 
show a stable mesophase over a very wide range of temperature. As revealed by 
X-ray powder diffraction, they form discotic columnar mesophases. The molecules 
Stack to give channels through which ions may be transported. 
V / [ o> y ) 
r、/) N X / 
R 民 、。：> 
15 16 
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1.5.4.2 Manganese, Cobalt, Nickel, and Zinc Phthalocyanines 
Phthalocyanines 17 of the first row transition metals with periphery R = 
CHiOCgHn or CH2OC12H25 have been reported);’ 87 Complexes of the Co and Ni 
analogues exhibit mesophases below 100°C. When the cobalt compound reacts with 
NaCN, it gives a polymeric material 18 which is potentially an organic conductor 
(Scheme 1.12). The liquid crystalline properties of the discotic Zn and M n 
complexes have also been demonstrated by D S C measurements and polarization 
n Q  
microscopy. The fact that these compounds are brightly colored has been 
considered for laser addressed devices. 
1.5.4.3 Lutetium Phthalocyanines 
Simon et al.^^ have prepared bis(phthalocyaninato)lutetium(III) 19，which 
can formed on heating discotic mesophases upon heating. It is a molecular 
semiconductor. X-ray studies have found that the intercolumnar distance is twice the 
separation of the phthalocyanine rings within the column. 
N M N 
R R 19 ^ 
R = C H 2 0 C 8 H , 7 
CH20CI2H25 43 
N 丁 Na^  
R R R C R 
N、 z N ^ NaCN/EtOH/air ~ N ^Co N — N 少 Co、 N 、N ^ 83./. |、N~~y 
R R R C R 
II 
N 
I M / J 
h n / h H r 
R 料 錢 T ^ 
R - CHaOICHzhCHj R R R 
18 
Scheme 1.12 The synthesis of polymer 18. 
1.5.4.4 Silicon, Tin, and Lead Phthalocyanines 
The dihydroxy silicon phthalocyanine SiPc(OCi2H25)8 shows a hexagonal 
columnar mesophase. Upon heating, loss of water occurs and leads to the polymeric 
polysiloxane spine Columnar phthalocyanines linked by O-Si-0 or O-Sn-0 
spacers have also been described. The tin analogue shows a columnar mesophase 
between 54 - 114°C with a rectangular packing of the columns. 
The corresponding lead counterpart 21 also forms a columnar discotic 
liquid crystal. Due to the large metal center, it sits out of the phthalocyanine plane. 
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X-ray data show that the molecules are stacked in a tilted manner.^ ^  Phthalocyanines 
with a different substitution pattern have also been reported.^ ^ 
乂 ‘ \ 
20 21 
1.6 Summary 
Discotic liquid crystalline phthalocyanines form an interdisciplinary topic 
which has been properly established. They have great potential values in the field of 
one-dimensional charge/energy transporting systems and other related 
photoconducting usage. The introduction of a central metal ion or long and bulky 
substituents may reasonably result in a substantial number of novel features, such as 
color, paramagnetism, and conductivity. Other interesting and useful properties 
arising from the large polarizable n system may also be expected. 
The objective of this work is to study this novel class of compounds. A 
series of octa-substituted phthalocyanines have been synthesized and their 
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spectroscopic properties will be reported. Besides, the liquid crystalline behavior of 
these compounds has been investigated by differential scanning calorimetry (DSC) 
and polarizing microscopy. Their photophysical properties as well as the potential of 
these compounds to act as photosensitizers will also be discussed. 
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Chapter 2 Syntheses, Aggregation Behavior and Liquid 
Crystalline Properties of Peripherially Octaalkynyl 
Phthalocyanines 
2.1 Synthesis and Characterization of Octaalkynyl Phthalocyanines 
2.1.1 Preparation of AIkynyl Fragment 22 
To impart a liquid crystalline property to alkynyl phthalocyanines, we 
introduced three long dodecyloxy chains to a phenyl acetylene unit which was 
subsequently coupled to a phthalonitrile precursor. 
The alkynyl fragment 22 was prepared according to the method described 
by Diederich et、and Meijer et.^  with a minor modification (Scheme 2.1). Starting 
from the commercially available methyl 3,4,5-trihydroxylbenzoate, the aliphatic 
twelve-carbon chains were introduced by nucleophilic substitution under basic 
condition.^  The ester group was first reduced by lithium aluminium hydride (LAH) 
to primary alcohol, which was then oxidized by 
2,3-dichloro-5,6-dicyano-l,4-benzoquinone (DDQ) to the aldehyde. The 
intermediate then underwent dibromo olefination with an excess of PPhs and Zn 
powder serving as the reducing agents. Elimination of HBr with a 2 M solution of 
lithium diisopropylamide (LDA) in THFAz-heptane, quenching with MesSiCl, 
followed by the deprotection with K2CO3 in M e O H yielded the desired alkynyl 
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substituent, namely 3,4,5-tridodecyloxyphenylacetylene (22) in good yield. 
OH OC.^H^s 
MeOOC—(( V - O H > M e O O C ^ ^00^2^25 
V _ ( / 9 8 % 9 7 % 
OH OC12H25 
OC12H25 OC12H25 
9 4 % 9 0 % 
OC12H25 OC12H25 
OC12H25 00^2^25 
(e). (f), (g) / = \ 
Br OC12H25 22 OC12H25 
Scheme 2.1 Synthesis of alkynyl fragment 22. Reagents: (a) CnHisBr, K2CO3, 
D M F , 60。C; (b) LiAlH4/THF, 0。C; (c) D D Q , dioxane, r.t; (d) CBr4, PPha, Zn dust, 
benzene; (e) LDA/THF, -78。C; (f) MesSiCl; (g) K2CO3 in MeOH/THF. 
2.1.2 Preparation of Alkynyl Phthalonitrile 23 
Compound 22 was then coupled with dihalophthalonitriles by Sonogashira 
cross-coupling reaction. As shown in Scheme 2.2, the reaction yield of the product 
increases as the dichlorophthalonitrile is replaced with the bromo and iodo analogues. 
This is in agreement with the reactivity of the halogenated species (I > Br > Cl).4 It 
is worth mentioning that even the least reactive 4,5-dichlorophthalonitrile was also 
able to give the desired product smoothly. The relatively low yield, however, was 
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due to incomplete reaction that gave the mono-substituted precursor, as well as the 
self-coupled acetylenic side product. 
OC12H25 
+ (a) N C ^ ^ ^ ^ 。 C i 2 H 2 5 
JOC12H25 X = CI.35o/ N C ^ ^ S ^ 
/ = \ X = I； 6 2 % 
XT 
22 OC12H25 23 OC12H25 
Scheme 2.2 Synthesis of alkynylphthalonitrile 23. Reagents: (a) Pd(PPh3)2Cl2, 
PPh3, Cul, EtsN, 90^C 
Scheme 2.3 shows the proposed mechanism for the Sonogashira coupling, 
which is based on the discovery of Cu(I)-catalyzed transmetalation in amine.^ 
Although the reaction follows the normal oxidative addition and reductive elimination 
processes (cycles A and B) that are common to the Pd-catalyzed C-C bond forming 
reactions, the exact mechanism for the reaction is not known. In particular, the 
structure of the catalytically active species and the role of the Cu(I) catalyst remain 
obscure. The process may be considered to involve the active 14-electrons 
PdO(PPh3)2 species 26，which is generated from the Pd(II) pre-catalyst 24 via the 
Cu(I)-catalyzed bis-alkynylation followed by reductive elimination of diacetylenic 
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compound (the side product). Intermediate 26 then enters cycle A giving the Pd(II) 
intermediate 27 by the oxidative addition of the sp^-C halide. Subsequent reaction 
with a terminal acetylene, possibly via a transient copper acetylide species (cycle B), 
leads to the alkynylpalladium(II) derivatives 28, which finally proceeds to give the 
required coupled products and the active Pd(0) species 26 is regenerated. 
Ph 八 I  CI 二 Pd、 
Ph.P 、CI 
3 24 
CuC=CR'y J HX-amine 
( Y HX-amine HC 三 CR' 
i cycle B 人 ^ ^ ^ 
" ph p IIX \ cycle B I 
I > r p h , > 4 ^ c u x 
； 乂 二 - V p，2 一 A ; > � -
R_C三 C—C三 CRI ^ ^ ^ 28 
RC 三 CRi 
Scheme 2.3 A proposed mechanism for the Sonogashira coupling reaction,^ where 
R = aryl or vinyl; R, = alkyl group; (i) = transmetallation; (ii) = oxidative addition; (iii) 
=reductive elimination. 
Figure 2.1 shows the ^ H N M R spectrum of 23 in CDCI3. Two downfield 
singlets at 5 7.87 and 5 6.75 appear for the ring protons a and b, respectively. The 
appearance of a singlet for Ha protons suggests a complete substitution giving a 
symmetrical structure. The two sets of OCH2 protons resonate as two triplets at 
5 3.97 and 5 3.85 in 1:2 ratio. The remaining methylene and methyl protons' signals 
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appear as several broad band in the region 6 0.8 - 1.8. 
Apart from the N M R data, the compound was also characterized with 
other spectroscopic methods. The IR spectum of 23 in KBr pellet (Figure 2.2) 
showed two weak bands at 2192 and 2350 c m \ which can be assigned to the C=C 
and C三N stretches. High-resolution mass spectroscopy also showed a molecular 
peak at m/z 1434.2036, which is very close to the calculated value of 23. All these 
information confirmed that alkynyl fragments have been introduced to the 
phthalonitrile precursor. 
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Figure 2.2 IR spectrum of 23 as KBr pellet. 
2.1.3 Synthesis and Characterization of [2,3,9,10,16,17,23,24-
Octakis(3,4,5-ths(dodecyloxy)pheriylethynyl)phthalocyariiriato]magnesium(II) (29) 
Several attempts were made to cyclize the precursor 23. The reaction 
conditions included CsHnOLi/CsHnOH, D B U in the presence or absent of zinc 
acetate, etc (Scheme 2.4). Unfortunately, neither the metal-free nor the 
metallophthalocyanines could be obtained. The reasons behind were not yet 
understood. 
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⑷’ (b)〉〈1 R R 
(c) _ r ^ O v v O ^ R 
I … N、 M N 
N C - ^ R (d) X' 
- (e) R 炉吻 R 
_ ^〇〇 1 2曰 2 5 ^ R R 
R = = ^ ^ > ~ 〇 C i 2 H 2 5 M = H2’ Z n , C u , V O 
OC12H25 
Scheme 2.4 Attempts to prepare alkynylphthalocyanines from 23. Reagents: (a) 
CsHiiOLi/CsHiiOH, 140。C; (b) AcOH; (c) M(0Ac)2."H20 (M = Zn, " = 2; M = Cu, 
n = 1), C5H11OH, D B U , 140。C; (d) NH3, D M A E , 110。C; (e) VCI3, 
1-chloronaphthalene, D B U , 160。C. 
Finally, the cyclization was successfully performed by using 1 M 
magnesium butoxide in refluxing ^-butanol (Scheme 2.5). Purification of the 
resulting green crude product by column chromatography on silica gel using 
CHCl3:hexane = 1:1 as eluent could not remove the trace amount of alkynyl precursor 
23. This could, however, be completely separated by another chromatography using 
ethyl acetate:hexane = 1:20. An oily green product was obtained in good yield. 
Owing to a substantial number of acetylenic groups and long hydrophobic chains, the 
compound possesses a good solubility in most organic solvents including 
dichloromethane, ethyl acetate, and toluene. 
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R R 
A A (a) Vn. 
N C ^ ^ R ^ N\ Mg 
2 3 2 5 % 、 N - ^ 
R R 
OC12H25 29 
Scheme 2.5 Synthesis of MgPc 29. Reagents: (a) 1 M Mg(0Bu)2/C4H90H, 140^C. 
Although other metallophthalocyanine derivatives could not be prepared 
directly from 23, it is worth trying alternative pathways. As an attempt, 
demetalation of MgPc 29 was performed under mild acidic conditions. Weak/diluted 
acetic acid is commonly used for this propose.6 However, the reaction led to a 
decompositon of the material. Excess /7-toluenesulfonic acid in THF at room 
temperature, which is another demetallation method for similar alkynylated 
tetrapyrazinoporphyrazines, was also used. Unfortunately, the reaction mixture 
turned into black again, indicating a decomposition occurs. 
MgPc 29 was characterized by elemental analysis and various 
spectroscopic methods. As shown in Figure 2.3，the ^ H N M R signals of the MgPc 
29 are rather broad due to the aggregation induced by the large Ti-system. 
Nevertheless, the peaks are still in agreement to the expected structure. The most 
downfield signal at 5 9.69 can be assigned to the phtbalocyanine ring protons, while 
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the less downfield peak at 5 6.91 is due to the aromatic protons of the alkynyl 
fragments. The OCH2 protons resonate at 5 3.98 while the upfield signals at 5 
0.5-2.0 are attributed to the remaining aliphatic protons. 
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Figure 2.3 ^H N M R spectum of MgPc 29 in CDCI3. * indicates residual solvent. 
2.2 Electronic Absorption of Alkynylated Phthalocyanine 29 
The remarkably strong absorption of red light by phthalocyanines leads to 
the characteristic blue or green color of these macrocycles. This renders them to be 
used as pigments and dyes. One or two strong absorptions between 670 一 690 nm 
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are usually observed which are termed as the Q-bands. In addition, there is another 
strong absorption band in the ultra-violet region (ca. 350 nm) denoted as the B-band 
or the Soret band. Moreover, weak absorption bands due to the vibrational overtones 
of the Q-band at about 600 nm may also appear. All these bands are due to n-n* 
transitions. 
Figure 2.4 shows typical visible absorption spectra of metal-free and 
metallophthalocyanines in the Q-band region. The origin of these bands can be 
n  
explained by the Gouterman's orbital models. This model is based on the top two 
occupied molecular orbitals (a2u and aiu) and the degenerate, lowest unoccupied 
molecular orbital (eg) to set up the states that explain the first two or four allowed 
transitions in the UV-visible region. The Q-band absorption is assigned to a n-n* 
transition from the highest occupied molecular orbital (HOMO), of aiu symmetry, to 
the lowest unoccupied molecular orbital (LUMO), of eg symmetry. The first excited 
state metallophthalocyanines have D4h symmetry (for the metal fitting well inside the 
core of phthalocyanines) and is doubly degenerate. Therefore, the allowed optical 
transitions must transform with either Eu or A2u symmetry. The Q-band results in the 
transition from the Aiu to Eg state. Metal-free phthalocyanines exhibit a splitting in 
the Q-band in the UV-vis spectrum (Figure 2.4 (b)). This arises from its lower 
degeneracy (Dih) compared with that of planar metallophthalocyanines (D4h) and the 
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consequent loss of degeneracy of the L U M O orbital giving Qx and Qy states. Thus, 
there are two allowed transitions for the Q-band. 
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Figure 2.4 Visible absorption spectra and the origin of the Q-band absorptions of a 
typical (a) metallophthalocyanine and (b) metal-free phthalocyanine. 
Figure 2.5 shows the UV-vis spectrum of MgPc 29 in toluene at different 
concentrations. There are two strong absorptions at 327 (log s = 5.33) and 393 nm 
(log 8 = 5.28) assignable to the absorption due to the phenylacetylenic units and the 
phthalocyanine Soret-band, respectively. The intense Q-band appears at 732 nm (log 
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B = 5.64) with shoulders at around 656 (log s = 4.79) and 698 nm (log s = 4.70). 
The Q-band maximum is red-shifted by ca. 50 nm when compared with that of 
non-alkynyl substituted phthalocyanines. This shows that the acetylenic groups are 
conjugated to the phthalocyanine ring, extending the 7i-system. The inset of Figure 
2.5 shows a plot of the absorbance at the Q-band maximum (732 nm) versus 
concentration. The curve deviates from the Lambert Beer's Law at high 
concentrations suggesting that aggregation is significant under these conditions. 
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Figure 2.5 UV-vis spectrum of MgPc 29 in toluene. The inset shows a plot of the 
Q-band absorbance at 732 nm versus the concentration of 29. 
It is well-known that phthalocyanines, even in dilute solutions, tend to 
form molecular aggregates such as dimers, trimers, and oligomers? From the above 
studies, compound 29 was found to be slightly aggregated in toluene. To quantify 
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the extent of aggregation of this phthalocyanine in solution, we measured the visible 
absorption spectra of 29 from 6 x 10'^  to 1 x 10"^  M in toluene, from which the 
aggregation constant, i^ agg, and the aggregation number, n, which are two important 
parameters to measure the extent of aggregation, were determined by the method 
reported by Tai and Hayashi」。 
In this method, a one-step equilibrium is assumed between the 
phthalocyanine monomer (Pc) and the aggregated phthalocyanine (Pcn) (Eqn. [1]). 
Thus, the aggregation constant Kagg is given by Eqn. [2], where x is the ratio of the 
^agg 
n Pc Pc„ Eqn. [1] 
JCagg= 二 r^ Eqn. [2] 
gg [PcJ n-C;-''(l-xr 4 LJ 
monomer concentration to the total concentration of phthalocyanine, Ct. The 
observed extinction coefficient, s, at a certain wavelength,入，is represented by Eqn. 
[3], where Sm and Sn are the extinction coefficients for pure monomer and n-aggregate 
at X, respectively. 
B = : 〜 、 E q n . [3] 
- -] r / y 
log ) =log(C-A：) + «.log Q - — — ^ Eqn. [4] 
£ ^  s ^ yx • s ^  
_ m J L \ f" w / _ 
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n" 
From Eqn. [2] and Eqn. [3], Eqn. [4] is obtained, where C = If the 
(n- — 1 
V A J 
extinction of ^ -aggregate, Sn, is very small relative to Sm at the absorption maximum 
of the monomer, Eqn. [4] is simplified to Eqn. [5] at the absorption maximum by 
£ Q £ 
assuming ——»— and n»—. 
� n.Em Sm 
- f / \ 
log C, 1 =logO幻+”.log C , — — Eqn. [5] 
_ V 、力 I 、 
厂 , VI 厂 广 、 1 
^ £ 
Therefore, by making a plot of log C �1 w. log Ct.—— for the spectral 
_ I �AJ L V�人 
changes of the phthalocyanine using Eqn. [5], a straight line is obtained in which the 
slope represents the aggregation number, n, and the y-intercept corresponds to the 
constant term, log {n- K). Thus, the values of aggregation number (n) and the 
aggregation constant (^ agg) can be calculated. 
Figure 2.6 shows such a plot for MgPc 29 from which the values of n and 
Kagg were determined to be 1.73 and 1461 M"^ respectively. The aggregation 
number approaches to 2, indicating that this compound exists mainly as a dimer in 
toluene. The aggregation constant, however, is extremely small when compared to 
those of octakis(alkoxy)phthalocyanines (K^ gg 〜lO* - 10^ This suggests 
that the aggregation tendency of this compound is rather weak, probably due to the 
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Figure 2.6 A plot of log[Ct(l-8/sm)] against log[Ct(s/Sm)] for MgPc 29. 
2.3 Liquid Crystalline Properties of Alkynyl Phthalocyanine 29 
The liquid crystalline behavior of 29 was viewed under a polarizing 
microscope conjugated with a thermal controller. Under ambient condition, the 
sample was non-transparent and was seen as a black shadow. On heating, the sample 
melted completely at its clearing point (~205oC) and gave a clear green liquid. Then 
it was cooled down slowly at a rate of -2oC/min. Three different textures (Figure 2.7) 
were observed sequentially from nematic (~190°C) to fan-shaped (〜182。C) and 
finally to leaf-like texture (~175®C). These three textures were still co-existed even 
when the sample was cooled to room temperature. Compound 29 is thus 
thermotropically stable. 
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Identification of the mesophases should not only be based on the 
microscopic observations of the textures but also on the X-ray diffraction 
measurements. Further characterization of MgPc 29 using differential scanning 
calorimetry (DSC) was performed. The D S C diagram shows a weak broad peak 
pointing upwards, indicating there was an energy uptake during the process. It is 
however too broad for us to identify the melting points of the mesophases. X-Ray 
powder diffraction (XRD) study was not performed due to the availability of 
instrument. Thus, we failed to obtain any meaningful results. Nevertheless, it is 
generally believed that leaf-like and fan-like textures are belonged to the hexagonal 
• I o 
columnar (Dh) and rectangular columnar (Dr) mesophases, respectively. 
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Figure 2.7 Microscopic photos of the MgPc 29 showing the liquid crystal structure 




A novel octaalkynyl magnesium phthalocyanine with 24 long 
dodecyloxy chains has been prepared by Sonogashira coupling reaction followed by 
base promoted cyclization. This compound is stable and is readily soluble in various 
organic solvents. It exhibits a slight aggregation tendency in toluene, and exhibits an 
interesting liquid crystalline property forming a columnar structure. 
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2.5 Experimental Section 
2.5.1 General Information 
Reactions were carried out under an atmosphere of nitrogen. 
Triethylamine was distilled from calcium hydride before use. 1,4-Dioxane, toluene, 
benzene, «-pentanol, and ；i-octanol were distilled from sodium under nitrogen. 
Tetrahydrofuran (THF) was distilled from sodium benzophenone ketyl under nitrogen. 
AyV-dimethylformamide (DMF) was dried over barium oxide, vigorously stirred 
overnight, and then distilled under reduced pressure. 1 -Chloronaphthalene was 
distilled under reduced pressure. Dichloromethane was distilled from calcium 
hydride under nitrogen. Hexane for chromatography was distilled from anhydrous 
calcium chloride. All other solvents and reagents were used as received from 
commercial sources without further purification. Chromatographic purifications 
were performed on silica gel columns (Macherey Nagel, 70-230 mesh) with the 
indicated eluents, unless otherwise specified. 
2.5.2 Physical Measurements 
1h and ^^C N M R spectra were recorded on a Bruker D P X 300 
spectrometer at 300 and 75.4 M H z , respectively, in CDCI3 solutions unless otherwise 
stated. Spectra were reported in ppm, referenced internally relative to SiMe4 for 
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(5 二 0) or the residue solvent CDCI3 for ^ ^C (6 = 77.0). FT-IR spectra were obtained 
on a Nicolet 550 FT-IR spectrometer as KBr pellets. ESI mass spectra and Liquid 
Secondary-Ion (LSI) mass spectra were measured on a Bruker A P E X 47e Fourier 
Transform Ion Cyclotron Resonance (FT-ICR) mass spectrometer with 3-mtrobenzyl 
alcohol as a matrix. MADLI-TOF spectra were obtained on a Bruker Bench TOF 
mass spectrometer equipped with a standard UV-laser desorption source, using 
a-cyano-4-hydroxycinnamic acid as a matrix. Elemental analyses were performed 
by the Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences. 
Observations of microscopic textures and transition temperatures were carried out 
using a Leica D M L P polarizing microscope equipped with a Leica heating stage 350 
digital together with a digital thermometer M32 and a transformer. 
2.5.3 Photophysical Measurements 
Ultraviolet-visible (UV-vis) spectra were recorded on a Gary 5E 
spectrophotometer or a Hitachi U-3300 spectrophotometer. Fluorescence spectra 
were taken on a Hitachi F-4500 spectrofluorometer. Fluorescence quantum yields 
were determined by Eq. [6]i4 using unsubstituted zinc phthalocyanine as the standard 
(Of = 0.30 in 1 -chloronaphthalene). For the determination of singlet oxygen 
quantum yields (OA), the method reported by Wohrle et al}^ was employed, except 
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that the absolute intensity of our system was not determined. All measurements 
were referenced to zinc phthalocyanine, which has a singlet oxygen quantum yield of 
0.55 in D M F . Data analyses were performed using the statistical software Origin 
(Version 6.1). 
2.5.4 Experimental Procedure 
Synthesis of Methyl 3,4,5-Tris(dodecyloxy)benzoate.'^^ A mixture of methyl 
3,4,5-trihydroxylbenzoate (6.0 g, 32.6 mmol), 1-bromododecane (25.7 g，103.1 mmol) 
and of potassium carbonate (28.1 g，203.3 mmol) in D M F (100 mL) wase heated at 
about 50-60。。under nitrogen for 24 h. The solvent was then removed in vaccum 
and the residue was extracted with CHCI3 (5 x 50 mL). The combined organic 
portion was washed with saturated NaCl(aq) (2 x 50 mL) and dried over anhydrous 
MgS04(s). The crude product obtained after evaporating the solvent was purified by 
recrystallization at 0°C using a small amount of CHCI3 and a large amount of M e O H . 
A white solid was obtained which was filtered off, washed with cold M e O H , and 
dried in vaccum (22.1 g，32.1 mmol, 98%); Rf= 0.68 [hexane/ethyl acetate (10:1)]; 
^H N M R : 5 7.25 (s, 2 H, AxH), 4.01 (t, J = 6.0 Hz, 6 H, ArOC/Zi), 3.89 (s, 3 H, 
COOC//3), 1.71-1.83 (m，6 H，ArOC/fs), 1.42-1.49 (m，6 H, ArOC/Zs), 1.18-1.44 (m， 
48 H,ArOC8//i6), 0.88 (t,J= 6.0 Hz, 9 H, ArOCnHziC/Zs). 
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Synthesis of 3,4,5-Tris(dodecyloxy)benzylalcohol.^^ L A H powder (3.96 g，104.3 
mmol) was added into T H F (30 m L ) to form a grey suspension under stirring and a 
nitrogen atmosphere. Methyl 3,4,5-tris(dodecyloxy)benzoate (6.96 g, 10.11 mmol) 
in THF (30 m L ) was added drop wise via a dropping funnel at 0°C. After the 
addition, the mixture was allowed to warm to r.t. and kept stiring for overnight. The 
excess L A H was quenched by the addition of EtOH and water. The colorless filtrate 
was collected by suction filtration and dried over anhydrous MgSCU. After filtration 
and removal of solvent, the light yellow liquid residue was crystallized by acetone 
inside the refrigerator. Finally, a white solid was obtained which was filtered off, 
rinsed with cold acetone, and then dried in vaccum (6.49 g, 9.81 mmol, 97%); Rf = 
0.39 [hexane/ethyl acetate (10:1)]; ^ H N M R : 5 6.55 (s，2 H，AvH), 4.58 (s, 2 H, 
ArC//20H), 3.91-3.99 (m, 6 H，ArOC//〗)’ 1.69-1.84 (m，6 H, ArOCT/s), 1.44-1.46 (m, 
6 H, ArOC//2), 1.19-1.42 (m，48 H, ArOCg/Zie), 0.88 (t, J = 6.0 Hz, 9 H, 
ArOCiiH22C//3). 
Synthesis of 3,4,5-Tris(dodecyloxy)benzaldehy de. ^  ^  
3,4,5-Tris(dodecyloxy)benzylalcohol (7.54 g，11.41 mmol) was dissolved in dioxane 
(30 mL) to give a clear solution. Yellow D D Q powder (2.61 g, 11.5 mmol) was then 
added to form a deep-blue mixture immediately, and later a turbid brown suspension. 
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After stirring at r.t. for 5 h, the volatiles were removed under reduced pressure. 
Dichloromethane (50 m L ) was added to the purple-pink residue and a deep brown 
liquid was obtained after suction filtration. The solvent was removed by a rotary 
evaporator. After crystallization with M e O H , a white or pale yellow solid was 
obtained which was filtered off, washed by M e O H , and dried under vaccum (7.07 g, 
10.72 mmol, 94%); Rf = 0.72 [hexane/ethyl acetate (10:1)]; ^ H N M R : 5 9.83 (s’ 1 H, 
CHO), 7.08 (s, 2 H, ArH), 4.01-4.08 (m, 6 H, AVCH2), 1.72-1.85 (m, 6 H, ArOC//】)， 
1.43-1.50 (m，6 H, ArOCZ/i), 1.17-1.42 (m, 48 H, ArOC^Hie), 0.88 (t, J= 6.0 Hz, 9 H, 
ArOCiiH22C//3). 
Synthesis of l,l-Dibromo-2-[3,4,5-tris(dodecyloxy)phenyl]ethene? Inside a fume 
hood, a mixture of CBr4 (13.29 g, 40.1 mmol), PPhs (10.42 g，39.7 mmol) and Zn dust 
(2.70 g, 41.3 mmol) was dried in a Schleuk tube in vacuo for about 2 h. Under 
nitrogen, benzene (30 m L ) was added. A solution of 
3,4,5-tris(dodecyloxy)benzaldehyde (8.70 g, 13.17 mmol) in benzene (20 mL) was 
then added to the above mixture. After stirring at r.t. for 36 h, hexane (ca. 40 mL) 
was added and the mixture was stirred for a further 20 mins. The mixture was then 
filtered in suction and the clear orange-brown filtrate was rotary evaporated. The 
residue was subjected to column chromatography using hexane/ethyl acetate (30:1) as 
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the eluent. The crude product obtanined was crystallized from EtOH/THF (10:1) to 
give a light orange or white solid (9.64 g, 11.85 mmol, 90%); Rf= 0.75 [hexane/ethyl 
acetate (30:1)]; ^ H N M R : 6 7.37 (s, 1 H, ArC//=CBr2), 6.76 (s, 2 H, AxH), 3.94-3.99 
(m, 6 H, ArOCT/i), 1.71-1.82 (m，6 H, AxOCHi), 1.44-1.46 (m，6 H, ArOCT/i), 
1.20-1.40 (m，48 H, AxOC^Hxe), 0.88 (t, J = 6.0 Hz, 9 H，ArOCiiH22C//3). 
Synthesis of 3,4,5-Tris(dodecyloxy)phenylacetylene (22)? A clear light orange 
solution of l,l-dibromo-2-[3,4,5-tris(dodecyloxy)phenyl]ethene (2.32 g，2.84 mmol) 
in ether (20 mL) was stirred in a cooling bath of C02(s) in acetone. 2.0 M L D A in 
THF (6.0 mL) was then added via a syringe. After the addition, the mixture was 
gradually wanned to r.t. and was kept stirring at r.t. for 2 h under a nitrogen 
atmosphere. MesSiCl (1.50 m L ) was then added via a syringe and the mixture was 
stirred for a further 36 h. Upon cooling in an water-ice bath, saturated NH4Cl(aq) 
(ca. 50 mL) was added drop wise to quench the reaction, then the mixture was 
extracted with CHCI3 (3 x 20 mL) and rotary evaporated. The brown liquid residue 
was then treated with potassium carbonate (5.07 g，36.7 mmol) in MeOH/THF (1:1) 
(50 mL) at r.t. for 1 h. The mixture was then extracted with CHCI3 (3 x 20 mL) and 
the combined organic layer was dried over anhydrous MgS04. The crude product 
was recrystallized with isopropanol at 0。C to give a light orange solid (1.56 g，2.38 
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mmol, 84%); ^ H N M R : 6 6.69 (s，2 H, ArH), 3.92-3.97 (m, 6 H, ArOC//�)，2.99 (s，1 
H，ArOC//)，1.70-1.81 (m，6 H, ArOC/Zi), 1.42-1.57 (m, 6 H, ArOCT/s), 1.20-1.40 
(m, 48 H, ArOC8//i6)，0.88 (t,J= 6.0 Hz, 9 H, ArOCiiE^Cft). 
2,3-Bis[3,4,5-tris(dodecyloxy)phenylethynyl]phthaIonitrile (23). 
4,5-Dihalophthalonitrile (C8H2N2X2) (for X = CI, Br or I) (1.2 mmol) was treated with 
compound 22 (3.26 g，5.0 mmol) in the presence of Pd(PPh3)2Cl2 (25.2 mg，0.04 
mmol), PPhs (83.9 mg, 0.3 mmol) and Cul (5.9 mg, 0.03 mmol) in distilled EtsN (20 
mL). The mixture was heated at 90°C for 12 h under a nitrogen atmosphere. The 
volatiles were then removed under reduced pressure and the yellow-grey residue was 
redissolved in CHCI3 (ca. 50 mL). The mixture was filtered in suction and the 
yellowish brown filtrate was collected and concentrated with a rotary evaporator. It 
was then purified by column chromatography with hexane/CHCls (1:1) as the eluent 
The crude product was recrystallized from acetone to give a yellow solid which was 
dried under vaccum (0.62 g，0.43 mmol, 35% for X = CI; 0.84 g, 0.58 mmol, 47% for 
X = Br; and 1.10 g，0.77 mmol, 62% for X = I); N M R : 6 7.87 (s, 2 H, ArH), 6.75 
(s, 4 H, ArN), 3.97 (t, 6.3 Hz, 4 H, ArOC//2), 3.85 (t，J= 6.3 Hz, 8 H, ArOCi/2), 
1.71-1.77 (m, 6 H, AvOCHi), 1.38-1.44 (m, 6 H, ArOC//】)，1.19-1.37 (m, 48 H, 
ArOC8//i6), 0.88 (t，J = 6.0 Hz, 9 H, ArOCuHziCT/s)； "C N M R : 5 153.2, 140.6， 
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135.6，131.1，115.7, 114.8, 113.8，110.4，101.3，84.6, 77.2，73.6，69.2, 31.9，30.4, 29.7， 
29.7，29.5’ 29.4, 29.3, 26.1, 22.7, 14.1; IR: 2192 s, 2350 s cm-i; M S (FAB): m/z for 
C28H10N4O2 (M+) calcd 1434.3044, found 1434.2036. 
[2，3，9，10，16，17，23，24-0ctakis[3，4，5-tris(dodecyloxy)pheiiyletliyiiyl】plithalocyanm 
atolmagiiesium(II) (29). A mixture of dinitrile 23 (700 mg, 0.49 mmol) in 
^-butanol (4 mL) was heated to 80°C, then 10 drops of 1 M Mg(0Bu)2 was added. 
The mixture was stirred at 140°C for 10 h. The /7-butanol solvent was then removed 
under reduced pressure to give a deep green residue which was subjected to column 
chromatography CHCls/hexane (1:1) as the eluent. A green band was developed and 
collected; and the crude product obtained was further purified by another 
chromatography using ethyl acetate/hexane (1:20) as the eluent. The product was 
obtained as a deep green oily solid (180 mg, 0.03 mmol, 25%); ^ H N M R : 5 9.7 (brs, 8 
H, kiH), 6.9 (brs, 16 H, Ar//), 3.94-3.99 (brs, 48 H, ArOCi/2), 1.7 (brs, 48 H, 
ArOC//2), 1.3 (brs, 428 H, ArOCgZ/ig), 0.8 (brs, 72 H, ArOCnHszC/Zs); ^^ C NMR: 5 
153.8，138.1, 110.8，96.5，90.2，89.1，77.8，74.1，69.7，32.5, 31.0, 30.3, 30.2, 30.0, 
26.8, 23.3，14.7; M S (MALDI-TOF): m/z for C384H624024N8Mg (M+) calcd 5761.55, 
found 5764.56; UV/Vis (toluene): ？Wx (log s) = 327 (5.33), 393 (5.28)，656 (4.79)， 
698 (4.70)，732 (5.64) run; Anal, calcd for C384H624024N8Mg: C，80.05; H, 10.92; N, 
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1.94, found: C，78.89; H , 10.69; N，1.76. 
Microscopic Studies of 29, A small amount of MgPc 29 (ca. 1 -2 mg) was placed 
between two pieces of glass cover slips which were then clipped onto the stage of the 
microscope. The solid sample was completely melted at its clearing point (~205°C). 
Then it was cooled down slowly at a rate of -2°C/min. The nematic texture was 
started to form at 〜190OC，followed by a fan-like texture at 〜182。C and finally the 
leaf-like texture at 〜1750C：. 
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Chapter 3 Facile Synthesis of Liquid Crystalline 
Phthalocyanines Through Transesterification Reactions 
3.1 Synthesis and Characterization 
3.1.1 Preparation of 4,5-bis(4-methoxycarbonylphenoxy)phthalonitrile (30) 
The phthalonitrile 30 was synthesized according to the method described 
by Wohrle et al} Firstly, 4,5-dichlorophthalonitrile was prepared from the 
inexpensive commercially available 4,5-dichloro-1,2-benzenedicarboxylic acid via the 
anhydride, imide，and diamide with an overall yield of 49%. It was then treated with 
methyl 4-hydroxybenzoate under a basic condition (Scheme 3.1). After column 
chromatography and recrystallization from hexane at 0°C, the resulting white material 
30 was obtained in good yield. 
COOMe 
I 
N C - ^ ^ ^ C I NC I 
K2CO3, DMF 
+ 78% N C A ^ O 
H O — ^ ^ " ^ ^ C O O M e 
COOMe 
30 
Scheme 3.1 Synthesis of 4,5-bis(4-methoxycarbonylphenoxy)phthalonitrile (30). 
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S.1.2 Preparation of Phthalocyanines 
A series of phthalocyanines containing different kinds of ester 
substitutents were prepared by cyclotetramerization of phthalonitrile 30 in the 
presence of D B U in various alcohols. Under these conditions, the methoxy carboxyl 
group underwent a transesterification with the alcohols to give phthalocyanines with 
different terminal groups (Scheme 3.2). This reaction was reported previously by us 
in the preparation of dendritic phthalocyanines with terminal ester groups using 
Zn(0Ac)2-2H20 and D B U in ^ -pentanol.^ 
«-Octanol and ^-dodecanol were the first two reagents used in the 
cyclization. As they only differ from «-pentanol by having a few more methylene 
units, these reactons were expected to be very similar to each other. An exess 
amount of these reagents was used to ensure the completion of the transesterification. 
After heating at 160°C for 12 hours, followed by chromatographic purification, an 
oily green liquid of ZnPc 31 and 32 was obtained, which was further dried under 
vaccum for 1-2 days to give a sticky solid in 37% and 42% yield, respectively. 
It is interesting that high boiling alcohols such as n-dodecanol that 
normally exist in solid form at room temperature could be used as solvents by heating 
them to their molten state. For alcohols with a longer carbon chain, their melting 
points are too high and the cyclization could not be taken place. At such temperature, 
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side reactions and a partial decomposition of products usually occur. To prevent this 
from happening, it is worth to examine that if transesterifications can take place using 
other non-alcohol solvents to dissolve the alcohol. Since the cyclotetramerization of 
phthalonitriles are usually performed at 120°C or above, D M F was chosen for this 
purpose. Treatment of an excess of 3，4,5-tris(dodecyloxy)benzylalcohol，an 
intermediate during the preparation of 3,4,5-tris(dodecyloxy)phenylacetylene (22) 
(see Section 2.1), with dinitrile 30, Zn(0Ac)2.2H20 and D B U in D M F at 160。C gave 
the desired product 33 in 49% yield (Scheme 3.2). The product was purified by 
column chromatography followed by recrystallization from C H C U / M e O H at 0°C. 
Apart from the alcohols mentioned above, a series of zinc phthalocyanines 
with -0(CH2CH20)nCH3 (n = 1-3) as the terminal groups were also synthesized. 
Poly(ethylene glycol) monoether containing one to three repeating unit(s) are straight 
chain alcohols bearing several oxygen hetero-atoms. They are liquid at room 
temperature and thus could be used as both the solvents and reagents. By using the 
reaction conditions and procedures similar to those for /7-alkanols, sticky solids of 
ZnPc 34，35, and 36 were synthesized in 39%, 41%, and 47% yield, respectively. 
In addition, CuPc 37, which is an analogue of ZnPc 34, was also obtained in 45% 
yield. 
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R O O p C O O R 
COOMe ^ ^ 
o. o 
T R O O C ^ O ^ O ^ O Y N V O ^ O ^ O ^ C O O R 
] 1 ⑷ , N、 M N 
^ ^ o o 
3 。 _ e 々 . • 
R O O C C O O R 
3 1 M = Z n R = h-CQH^J ( 3 7 % ) 
3 2 M = Z n R = /7-Ci2H25 ( 4 2 % ) 
3 3 M = Z n R = - c h £ — ( 4 9 % ) 
3 4 M = Z n R = C H 2 C H 2 O C H 3 ( 3 9 % ) 
3 5 M = Z n R = ( C H 2 C H 2 0 ) 2 C H 3 ( 4 1 % ) 
3 6 M = Z n R = ( C H s C H s C O s C H s ( 4 7 % ) 
3 7 M = C u R = C H 2 C H 2 O C H 3 ( 4 5 % ) 
Scheme 3.2 Synthesis of ZnPcs 31 -36 and CuPc 37 through transesterifications. 
Reagents: (a) D B U , M(0Ac)2.nH20, R O H , 140-160°C. 
All the phthalocyanines 31 - 37 were readily soluble in most organic 
solvents such as CHCI3, toluene, THF, etc. and were characterized by elemental 
analysis, high resolution mass spectrometry, UV-vis, and N M R spectroscopic 
methods. 
The strong aggregation tendency of phthalocyanines 31 - 36 was revealed 
by ^ H N M R and UV-vis spectroscopy. In pure CDCI3, the N M R spectra showed 
only broad signals due to the aliphatic side chains, while the aromatic signals were 
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unable to observe. By adding a few drops of DMS0-d6, satisfactory spectra were 
obtained in which a broad band at 6 8.6 一 8.8 was observed for the phthalocyanine 
ring protons. The p-substituted phenyl protons resonated as two broad signals at ca. 
5 7.2 — 8.0. The signals for the chain protons appeared at the upfield region and 
were relatively sharp. Figure 3.1 shows the ^ H N M R spectra of 34 and 37 as typical 
examples. 
For the ^ H N M R spectrum of 33 in CDCb/DMSO-ds (7:1) also showed 
broad signals. An extra downfield signal at 6 6.6 appeared for the ring protons of the 
3,4,5-tris(dodecyloxy)benzylalcohol substituents. Based on the broadenness of 
signals, it can be concluded that the aggregation tendency of these compounds is 
rather significant. 
Since Cu^ "^  (d^ ) ion has an unpaired electron, it is paramagnetic in nature 
and hence compound 37 is N M R silent. As a result, the N M R spectrum of 37 in 
CDCl3/DMSO-d6 (7:1) (Figure 3.1(b)) showed only broad signals for the aromatic 
protons. The aliphatic side chain protons' signals were also rather broad. 
All these macrocycles were also characterized by MADLI-TOF mass 
spectrometry. The molecular ion peak was found for all the compounds and the 
isotropic pattern was in good agreement with the simulated spectra. This provided a 
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Figure 3.1 ^H N M R of spectra of (a) ZnPc 34 and (b) CuPc 37 in CDCla/DMSO-de 
(7:1). * indicates residual solvent. 
3.2 Electronic Absorption Properties and Aggregation Behavior 
The UV-vis spectra of compounds 31 - 33 in THF were measured at 
different concentrations (Figure 3.2). All the spectra are typical for 
metallophthalocyanines showing an intense Q-band absorption at 673-674 nm 
together with two vibronic bands at ca. 610 and 645 nm, and a Soret band at ca. 355 
nm. The Q-band maxima were essentially unshifted but the molar absorptivities (log 
8) became smaller at higher concentrations. For example, the log s value decreases 
from 5.61 to 5.23 (Alog 8 = 0.38) when the concentration of compound 31 increases 
from 2 X 10"^  M to 2 x 10"^  M . As shown in the insets of Figure 3.2, the Q-band 
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absorption does not follow the Lambert Beer Law, showing that aggregation plays a 
role in spectral changes. The UV-vis data of compounds 31 一 33 are summarized in 
Table 3.1. 
3J 1 t 
(a) ,3 . • • n [31]/^.M 
3.0- la . • • , 2 x 1 0 " 
• I . Ift IXIO1 
2.5- t • 、1 8X10。 
0, • A J fl 6 x 1 0 � 
O 2.0- L \ 。 … ： ： " … 丨 I 4 X 1 0。 
t - I \ I 2 X 1 0 : 
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20 A i • • 8x10。 
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Wavelength / nm 
Figure 3.2 UV-vis spectra of (a) 31，(b) 32 and (c) 33 in THF. The inset shows the 
Q-band absorbance at different concentrations of the phthalocyanine. 
Table 3.1 UV-vis data for ZnPc 31 - 33 in THF. 
C o m p o u n d W n m ) ( l o g E ) Z Z  
B-band Vibronic band Q-band 
31 357 (5.07) 608(4.69), 647(4.66) 673 (5.49) 
32 357 (4.98) 608(4.59)，645 (4.54) 674(5.40) 
3 3 354 (5.12) 612(4.69)，644 (4.89) 674(5.61) 
Figure 3.3 compares the UV-vis spectra of compounds 31 - 33 in THF at a 
concentration of 8 x 1 M . It can be seen that the Q-band absorbance follows the 
order 31 > 32 > 33. This suggests that the aggregation tendency is related to the 
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Figure 3.3 UV-vis spectra of ZnPc 31 -33 in THF with a concentration of 8 jiiM. 
Based on the concentration dependent spectral data in Figure 3.2 and using 
the one-step equilibrium model described in the previous chapter (Section 2.2), the 
aggregation number (n) and the aggregation constant (Kagg) for compounds 31 - 33 
- / 厂 广 、 -
were determined from the plots of log C, • 1 log Ct • — — (Figure 
_ I 、力 L I、人 
3.4). As shown in Table 3.2, the values of n are very close to 2, indicating that all 
these phthalocyanines tend to form dimer in THF solution. The aggregation 
constants Kagg are in the order of 10^ - lO. M], which are considerably smaller than 
the typical range (10"^  - 10^ M"^) for many other phthalocyanines in various solvent 
systems under similar conditions.3-4 The Kagg value increases from 3.8 x 10^  to 3.0 x 
104 Mfi from compound 31 to 33 as the length and number of chains in the substituent 
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substituent increase. This suggests that the relative aggregation tendency follows the 
order 33〉32〉31 which is in accord with the results based on the ^ H N M R data 
-8.5 -
E .7 5 - ^ Z 
S-7.Q. ^ ^ ^ ^ • 
^ J , " ‘ -ZnPc31 y= 1.9291x + 3.8703 
- ‘ R2 = 0.8513 
-5 5 - — ZnPc32 广】迎毛迎 
z ；^ - 0.9424 
^ y = 2.0136X + 4.7797 
-5.0 . ZnPc33 r2 = 0.9488 
‘ ‘ ‘ ‘ ‘ I I 
4.8 -5 -5.2 -5.4 -5.6 -5.8 ^ _5.2 -6.4 
l0g[Ct(s/8m)] 
Figure 3.4 Plots of log[Ct.(l-s/Sm)] against log[Ct-(s/Sm)] for 31 一 33. 
Table 3.2 The values of aggregation number (ri) and aggregation constant (A：鄉）for 
31-33 inTHF. 
Aggregation Number Aggregation Constant 
Compound , 
W (Kagg /M'O 
31 1.93 3.8 x 10^  
32 1.92 8.7x10^ 
33 m 3.0x10^ 
The UV-vis spectra of compounds 34 - 37 in D M F at concentration of 8 x 
10-6 M are shown in Figure 3.5. All the UV-vis spectra of 34 - 36 exhibit a typical 
B-band at 360 nm and an intense Q-band at 676 nm together with a weak vibronic 
band at 610 nm. The absorption maxima and the respective molar absorptivity 
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remain virtually unchanged with respect to the length of the polyethylene glycol 
chains (for n = 1 to 3). For CuPc 37，however, the peaks at 335, 624 and 674 nm are 
very broad with a relatively low intensity, suggesting that molecular aggregation is 
significant for this compound under these conditions. 
2 . 5 I 2.2-j 
2.1- A ft 
2.0- m / V 
i . / / \ \ •. ——ZnPc 34 
- I / , � � \ . . . . •• … - - Z n P c 35 
< / / / \ \ \ ； ; ……ZnPc 36 
0) ！丨 \ \ ..... ‘ ： ——CuPc37 
呂 ” 、 、 . . . ‘ ： 
S • 1-9 I • • • 'I ： ： 
665 670 675 680 685 690 ‘ . 
o . 
j g 1 0 - Wavelength / nm , 
< ： 
. 乂 K ^ � . j ^ \ � . � . � 
0.0 H . , “ 〒 I . r ^ “ ^ 
3 0 0 4 0 0 5 0 0 6 0 0 7 0 0 8 0 0 
Wavelength / nm 
Figure 3.6 UV-vis spectra of ZnPc 34 - 36 and CuPc 37 in D M F at 8 x 10"^  M . 
The inset shows an enlarged view of the Q-band maxima of 34 - 36 at ca. 677 nm. 
To further investigate the aggregation behavior of phthalocyanines 34 - 37， 
their UV-vis spectra were recorded in different concentrations ranging from 6 x 10'^  
M to 2 X 10-5 M in D M F (Figure 3.6). As shown in the insets of Figure 3.6 (a) - (c)， 
the Q-band of compounds 34 - 36 basically follows the Lambert Beer Law. This 
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indicates that these compounds remain in the monomeric form under these conditions. 
The molar absorptivities of the Q-band of these compounds are very similar, ranging 
from 2.67 x 10"^  to 2.76 x 10"^  morMm^cm"\ suggesting that the spectroscopic 
behavior is essentially independent to the length of the poly(ethylene glycol) chains. 
Figure 3.6 (d) shows the UV-vis spectrum of CuPc 37 in DMF. Two 
broad and intense Q-bands at ca. 625 and 670 nm are seen. The former is attributed 
to the Q-band of aggregated species. In addition, the relative intensity of these two 
bands depends on the solvent used. As shown in the inset, the Q-band at ca. 625 nm 
has a higher intensity than that at ca. 670 nm in D M F , while a reverse trend is 
observed in THF. This indicates that the compound is more aggregated in DMF. 
The UV-vis data of these compounds are summarized in Table 3.3. 
1 t 
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Figure 3.6 Concentration dependence of the UV-vis spectra of (a) ZnPc 34，(b) 
ZnPc 35, (c) ZnPc 36 and (d) CuPc 37 in DMF. The insets of (a) - (c) show the 
corresponding plots of Q-band maxima against concentration; while inset of (d) show 
the UV-vis spectra of 37 in D M F (solid line) and in THF (dot line) at 8 x 10'^  M . 
Table 3.3 UV-vis data for ZnPc 8-10 and CuPc 11. 
Compound Solvent 、“腿)(log 幻 
B-band Vibronic band Q-band 
34 D W 360 (4.99) 610 (4.63) 676 (5.42) 
35 DMF 360 (4.81) 610(4.64) 676 (5.44) 
36 D M F 362 (5.02) 611 (4.64) 678 (5.43) 
37 D M F 335 (4.71) 624 (4.59) 674(4.57) 
37 TOT 348 (4.65) 626(4.39) 673 (4.81) 
The aggregation number (n) and aggregation constant (Kagg) of compounds 
34 - 36 were also determined using the method mentioned in the previous chapter. 
• / Y] r / y 
Figure 3.7 shows the plots of log C厂 1 log Ct. — for 34 — 36， 
S £ 
L V ^m yj L \ tf J_ 
99 
from which the values of n and K^ can be determined (Table 3.4). The n values of 
34 - 36 were found to be close to unity and the aggregation constant is very small. 
These results are consistent with the concentration dependent UV-vis data (Figure 3.6), 
indicating that these compounds exist mainly as a monomer in D M F . For CuPc 37, 
however, the values of n and Kagg could not be determined because the molar 
absorptivity of the monomeric species was unable to obtain in both D M F and THF. 
-9.0 r 
I : 
^ -6.5 - 一 ZnPc 34 V = l - f T x . 0.8964 
-6.0 “ ZnPc 35 y - 1.3272x + 0.8467 
0.9354 
y = 1.3()67x + 1.069 
.5.0 - _ • ZnPc 36 =()朔 
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-4.8 -5.0 -5.2 -5.4 -5.6 -5.8 -6.0 -6.2 -6.4 -6.6 -6.8 -7.0 -7.2 -7.4 
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Figure 3.7 Plots of log[Ct.(l-s/sm)] against log[Ct.(s/Sm)] for 34 - 36. 
Table 3.4 The values of aggregation number (ri) and aggregation constant (Kagg) for 
34 - 36 in D M F . 
Aggregation Number Aggregation Constant 
Compound , 
M  
M r ^ ^ 
35 1.33 5.3 
36 L31 ^  
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By summarizing all the results, it can be concluded that the aggregation 
tendency of the phthlaocyanines 31 — 37 follows the order 37 » 33 > 32 > 31 » 34 
~ 3 5 ~ 36. 
3.3 Liquid Crystalline Properties of Phthalocyanines 31 - 37 
The liquid crystalline behavior of phthalocyanines 3 1 - 3 7 was studied 
with a polarizing microscope conjugated with a thermal controller. Surprisingly, 
none of the phthlaocyanines 31 - 37 were thermotropic in nature, not even for ZnPc 
33, which is considerably similar to MgPc 29. Therefore we turned our focus to the 
lyotropic liquid crystallinities of these macrocycles. This was done by dissolving a 
tiny amount of sample {ca. 2 m g in all cases) in a very little amount of solvent {ca. 10 
mg) so that a known ratio (20%) of concentration by mass could be obtained. Upon 
heating, some of the solvent evaporated and the concentration reached an optimum 
point where the growth of liquid crystals occurred. 
Similarly to MgPc 29, most of the liquid crystal textures found for 31 — 34 
were stable upon cooling to ambient temperature and are said to be lyotropically 
stable. Compounds 35 and 36 were exceptions of which their textures could only be 
maintained over a range of temperature. When the samples were cooled to ambient 
temperature, the texture disappeared gradually. Thus, they are said to be 
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lyotropically unstable. 
Figure 3.8 to Figure 3.13 show the microscopic Images of 31 - 36 
respectively, while CuPc 37 was failed to give any liquid crystal structures. 
Attempts to Characterize these compounds by DSC and/or XRD were not successful. 
Figure 3.8 Microscopic images of 31 showing some fan-liked structures 
(magnification x 100) at 125-128°C. 
Figure 3.9 Microscopic images of 32 showing some fan-liked structures 
(magnification x 50) at room temperature. 
Figure 3.10 Microscopic images of 33 showing some needle-shaped structures 
(magnification x 25) at room temperature. 
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H 
Figure 3.11 Microscopic images of 34 showing some leaf-liked (left, magnification 
X 100) and fan-liked (right，magnification x 100) structures at 120-125°C. 
mmrn 
Figure 3.12 Microscopic images of 35 showing some flower-liked (left, 
magnification x 25) and leaf-liked (middle, magnification x 100) structures at 
126-130°C. The most right picture shows the textures of the leaf-liked structures 
(magnification x 100) at ambient temperture. 
I ^ H l H 
Figure 3.13 Microscopic images of 36 showing some fan-liked structures 
(magnification x 50) at 105-110®C. 
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3.4 Summary 
A series of phthalocyanines containing different arylether ester groups 
have been synthesized through transesterification. These compounds are generally 
aggregated in solutions with the tendency follows the order 37 » 33 > 32 > 31 » 34 
~ 35 ~ 36. They form columnar structures that exhibit interesting liquid crystalline 
properties. It can be envisaged that a wide range of phthalocyanine derivatives can 
be synthesized by using this strategy which can certainly widen the applications of 
these novel macrocyclic compounds. The photoconductivities of these novel liquid 
crystalline phthalocyanines are currently being examined. 
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3.5 Experimental Section 
3.5.1 Experimental Procedure 
[2,3?9,10,16,17,23,24-0ctakis(p-octyloxycarbonylphenoxy)phthalocyanmato]-
zinc(II) (31). A mixture of 4,5-bis(4-methoxylcarbonylphenoxy)phthalonitrile (30) 
(200 mg, 0.47 mmol) and Zn(0Ac)2.2H20 (36 mg, 0.16 mmol) in …octanol (4 m L ) 
was heated with stirring to 100°C. Then D B U (10 drops) was added and the mixture 
was heated at 140°C overnight under nitrogen. The solvent was removed in vacuo 
and the deep green residue was then purified by column chromatography using ethyl 
acetate/hexane (1:3) as the eluent. The green band was collected and concentrated 
by a rotary evaporator to yield a deep green oily solid (111 mg, 0.043 mmol, 37%). 
Rf= 0.74 [ethyl acetate/hexane (1:3)]. ^H N M R (CDCh/DMSO-d^ (7:1), 300MHz): 
5 8.73 (br，8 H, AxH), 8.00-7.97 (d, J = 9 Hz, 16 H, OAr//), 7.22-7.19 (d，J = 9 Hz, 16 
H, OAiH), 4.30-4.26 (t, J = 12 Hz, 16 H, COOC//2), 1.81-1.72 (m，16 H, COOC//2), 
I.28 (br, 80 H, COOC5//10), 0.88-0.84 (t，J = 6 Hz, 24 H, COOC7H14C//3). ^^ C 
N M R (CDCI3): 5 166.4, 161.5, 153.4，149.3, 136.0, 131.8，125.4, 117.0, 65.6，32.3, 
29.8，29.8，29.1, 26.5, 23.2，14.7. M S (MALDI-TOF): m/z 2561.2 (M+). UV/Vis 
(THF) (nm, log s): ？Wx = 357 (5.07)，608 (4.69)，647 (4.66)，673 (5.49). Anal. 




ziiic(II) (32). By using the above procedure, a mixture of 
4,5-bis(4-methoxylcarbonylphenoxy)phthalonitrile (30) (200 mg, 0.47 mmol) and 
Zn(0Ac)2.2H20 (36 mg, 0.16 mmol) were treated with 10 drops of D B U in 
«-dodecanol (4 m L ) to yield a deep green sticky solid (148 mg, 0.049 mmol, 42%). 
Rf 二 0.60 [ethyl acetate/hexane (1:3)]. ^H N M R (CDCl3/DMSO-d6 (7:1)，300MHz): 
5 8.71 (br, 8 H, AxH), 8.01 (br，16 H, OAxH), 7.21-7.18 (br，16 H, OArH), 4.30-4.28 
(br，16 H，COOC//2), 1.77 (br, 16 H, COOC//2), 1.26 (br, 144 H, COOC9//18)， 
0.87-0.85 (t, J = 6 Hz, 24 H, COOC11H22C//3). ^^ C N M R (CDCI3): 6 166.4，161.8, 
153.3，149.2，136.3, 132.5, 125.7, 117.0，65.7，32.5, 30.2, 29.9, 29.3, 26.6，23.2, 14.7. 
M S (MALDI-TOF): m/z 3009.7 (M+). UV/Vis (THF) (nm, log s): ；^ a^x = 357 (4.98)， 
608 (4.59), 645 (4.54)，674 (5.40). 
[2,3,9,10,16,17,23,24-Octakis(p-(3,4,5-trisdodecyloxyphenylethoxycarbonyl)-
phenoxy)phthalocyaninato]zinc(II) (33). To a mixture of 
4,5-bis(4-methoxylcarbonylphenoxy)phthalonitrile (30) (200 mg, 0.47 mmol), 
Zn(0Ac)2.2H20 (51 mg, 0.23 mmol) and 3,4,5-trisdodecyloxybenzylethanol (1.54 g, 
2.33 mmol) in D M F (4 mL) at 100°C was added 10 drops of DBU. The mixture was 
heated to 150°C with stirring for overnight. The volatiles were then removed under 
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reduced pressure with heating to give a deep green residue. It was then subjected to 
chromatography with THF/hexane (1:4) as the eluent. The green crude product 
collected was dissolved in a minimum amount of CHCI3 and layered with a large 
amount of M e O H for precipitation. A green solid was obtained after filtration and 
drying under vaccum (390 mg, 0.057 mmol, 49%). Rf = 0.32 [THF/hexane (1:4)]. 
1h N M R (CDCl3/DMSO-d6 (7:1), 300MHz): 5 9.24 (brs，8 H, AtH), 8.35-8.30 (brs， 
16 H, OAvH), 7.26-7.16 (brs, 16 H, OAvH), 6.63 (brs, 32 H，COOCHiAr//), 5.23 (brs, 
16 H, C00C//2Ar), 3.95 (brs, 48 H, ArOCT/s), 1.76 (brs, 48 H, ArOC/Zi), 1.44 (brs, 
48 H, ArOC//2)，1.25 (brs, 384 H, ArOCg/Zie), 0.86 (brs, 72 H, ArOCnHiiCT/s). ^^ C 
N M R (CDCI3)： 6 168.4，161.8，154.1，139.1，137.8，132.7, 131.8, 125.7，125.1, 121.3, 
117.5, 108.0，100.9, 94.3，74.3，68.0，32.8, 31.2，30.5，30.3，27.0，23.6，15.0. UV/Vis 
(THF) (nm, log s): ；Uax 二 354 (5.12), 612 (4.69)，644 (4.89)，674 (5.31). 
[2，3，9’10，16，17，23，24-Octakis(p-(2-methoxyetlioxycarboiiyl)phenoxy)phthalo-
cyanmato]zinc(II) (34). To a mixture of 
4,5-bis(4-methoxylcarbonylphenoxy)phthalonitrile (30) (200 mg, 0.47 mmol) and 
Zn(0Ac)2.2H20 (50 mg, 0.23 mmol) in mono(ethylene glycol) monoether (4 mL) at 
100°C was added 10 drops of D B U . The mixture was heated to 140°C with stirring 
for overnight. The volatiles were then removed under reduced pressure with heating 
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to give a deep green residue. By column chromatography using THF/CHCI3 (1:40) 
as the eluent, which was then gradually changed to 1:20, 1:10，1:5 and 1:1 and finally 
using an eluent of MeOH/CHCls (1:10)，a green liquid was collected. It was 
concentrated by a rotary evaporator, followed by drying under vaccum to yield a 
sticky green solid (97 mg, 0.046 mmol, 39%). Rf ‘ 0.10 [for THF/CHCI3 (1:40) to 
(1:10)]; Rf = 0.16 [THF/CHCI3 (1:5)]; Rf = 0.57 [THF/CHCI3 (1:1)]; Rf = 0.91 
[MeOH/CHCls (1:10)]. ^H N M R (CDCb/DMSO-ds (7:1), 300MHz): 6 8.60 (br, 8 H, 
hiH), 8.00-7.97 (d, J = 9 Hz, 16 H，O A r H ) , 7.25-7.22 (d, J 二 9 Hz, 16 H, OArH), 
4.47-4.44 (t，J = 6 Hz, 16 H, COOC//2CH2), 3.76-3.73 (t, J = 6 Hz, 16H, 
COOCH2C//2), 3.43 (s, 24 H, OCH3). " c N M R (CDCls/DMSO-de (7:1)): 6 165.3, 
161.1’ 150.8，147.9，134.8，131.4, 124.4, 116.3，115.7, 70.2, 63.6，58.6. M S 
(MALDI-TOF): m/z 2123.0 (M+). UV/Vis (DMF) (nm, log s): X^ax = 360 (4.99), 
610 (4.63), 676 (5.42). Anal. Calcd for CmHQeOsiNgZn: C，63.11; H, 4.54; N, 5.25, 
found: C，62.50; H, 4.58; N, 5.12. 
[2,3,9,10,16,17,23,24-Octakis(p-(2-(2-methoxyethoxy)ethoxycarbonyl)phenoxy)-
phthalocyanmato]zinc(II) (35). To a mixture of 
4,5-bis(4-methoxylcarbonylphenoxy)phthalonitriIe (30) (200 mg, 0.47 mmol) and 
Zn(0Ac)2.2H20 (50 mg, 0.23 mmol) in di(ethylene glycol) monoether (4 mL) at 
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lOO^C was added 10 drops of D B U . The mixture was heated to 150°C with stirring 
for overnight. The volatiles were then removed under reduced pressure with heating 
to give a deep green residue. By column chromatography using THF/CHCI3 (1:50) 
as the eluent, which was gradually changed to 1:40, 1:20, 1:10, 1:5 and 1:1 and finally 
using an eluent of MeOH/CHCls (1:10), a green liquid was collected. It was 
concentrated by rotary evaporator, followed by drying under vaccum to yield a sticky 
green solid (119 mg’ 0.048 mmol, 39%). Rf ‘ 0.10 [for THF/CHCI3 (1:50) to 
(1:10)]; Rf = 0.12 [THF/CHCI3 (1:5)]; Rf 二 0.37 [THF/CHCb (1:1)]; Rf = 0.76 
[MeOH/CHCls (1:10)]. ^H N M R (CDCb/DMSO-ds (7:1)，300MHz): 5 8.68 (br, 8 H, 
ArN), 8.01-7.98 (d, J = 9 Hz, 16 H, OArN), 7.24-7.21 (d, J = 9 Hz, 16 H, OAr//), 
4.47-4.46 (br, 16 H, COOC//2CH2), 3.86-3.85 (br, 16 H, COOCH2C//2), 3.71-3.69 (br, 
16 H, OC//2CH2), 3.57-3.55 (br, 16 H, OC//2CN2), 3.40-3.34 (s, 24 H, OC//3). ^^ C 
N M R (CDCl3/DMSO-d6 (7:1)): 5 165.3, 161.1，151.0，147.9，134.8, 131.4，124.4, 
116.2，115.8, 71.4, 70.1, 68.8’ 63.6, 58.5. UV/Vis (DMF) (nm, log 8): X^ax = 360 
(4.81), 610 (4.64), 676 (5.44). Anal. Calcd for Ci28Hi2804oN8Zn: C, 61.90; H, 5.19; 
N, 4.51, found: C, 60.78; H, 5.64; N，4.38. 
[2,3,9,10,16,17,23,24-Octakis(p-(2-(2-(2-methoxyethoxy)ethoxy)ethoxycarbonyl)-
phenoxy)phthalocyaniiiato]ziDc(II) (36). To a mixture of 
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4,5-bis(4-methoxylcarbonylphenoxy)phthalonitrile (30) (200 mg，0.47 mmol) and 
Zn(0Ac)2.2H20 (50 mg, 0.23 mmol) in tri(ethylene glycol) monoether (4 mL) at 
100°C was added 10 drops of D B U . The mixture was heated to 160°C with stirring 
for overnight. The volatiles were then removed under reduced pressure with heating 
to give a deep green residue. By column chromatography using THF/CHCI3 (1:70) 
as the eluent, which was then gradually changed to 1:50, 1:40, 1:20, 1:10, 1:5 and 1:1 
and finally, using an eluent of MeOH/CHCls (1:10), a green liquid was collected. It 
was concentrated by rotary evaporator, followed by drying under vaccum to yield a 
sticky green solid (119 mg, 0.048 mmol, 39%). Rf ‘ 0.10 [for THF/CHCI3 (1:70) 
to (1:10)]; Rf = 0.11 [THF/CHCI3 (1:5)]; Rf = 0.34 [THF/CHCI3 (1:1)]; Rf - 0.70 
[MeOH/CHCl3 (1:10)]. ^H N M R (CDCb/DMSO-ds (7:1)，300MHz): 5 8.78 (br, 8 H, 
AxH), 8.02-7.99 (d，J = 9 Hz, 16 H，OAr//), 7.22-7.19 (d，J = 9 Hz, 16 H, QAxH), 4.46 
(br, 16 H, COOC//2CH2), 3.86-3.83 (br, 16 H，COOCH2C//2), 3.72-3.61 (m, 48 H, 
OC//2C//2OC//2CH2), 3.52-3.51 (br, 16 H, OCH2C//2OCH3), 3.32 (s, 24 H, OC//3). 
13c N M R (CDCl3/DMSO-d6 (7:1)): 6 165.3，161.1, 151.2，148.0, 135.0, 131.6，125.8, 
116.2, 115.9, 71.4, 70.2，70.1, 68.8, 63.6, 58.5. UV/Vis (DMF) (nm, log s): Lax = 
362 (5.02), 611 (4.64), 678 (5.43). Anal. Calcd for Ci44Hi6o048N8Zn: C, 60.98; H, 
5.69; N，3.95，. found: C, 59.85; H，5.50; N，3.76. 
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[2,3,9,10,16,17,23,24-Octakis(p-(2-methoxyethoxycarbonyl)phenoxy)phthalo-
cyaiiinato]copper(II) (37). To a mixture of 
4,5-bis(4-methoxylcarbonylphenoxy)phthalonitrile (30) (200 mg, 0.47 mmol) and 
Cii(0Ac)2.H20 (50 mg, 0.25 mmol) in niono(ethylene glycol) monoether (4 mL) at 
100°C was added 10 drops of D B U . The mixture was heated to 140°C with stirring 
for overnight. The volatiles were then removed under reduced pressure with heating 
to give a deep green residue. By column chromatography using THF/CHCI3 (1:40) 
as the eluent, which was then gradually changed to 1:20，1:10, 1:5, 1:1 and finally, 
using an eluent of MeOH/CHCls (1:10)，a green liquid was collected. It was 
concentrated by rotary evaporator and dried completely under vaccum to yield a 
sticky green solid (112 mg, 0.053 mmol, 45%). Rf ^ 0.10 [for THF/CHCI3 (1:40) 
to (1:10)]; Rf = 0.16 [THF/CHCI3 (1:5)]; Rf = 0.57 [THF/CHCI3 (1:1)]; Rf = 0.91 
[MeOH/CHCls (1:10)]. UV/Vis (DMF) (nm, log s): ？wax = 335 (4.71)，624 (4.58), 
674 (4.57). Anal. Calcd for C112H96O32N8CU： C, 63.17; H, 4.54; N，5.26, found: C， 
64.77; H, 4.03; N, 5.35. 
General procedure for the microscopic studies 
Phthalocyanine (2 mg) was dissolved in 10 mg of solvent to give a sample solution 
with the ratio of concentration = 20% by mass. A drop of this solution was then 
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placed between two pieces of glass cover slips, which were then clipped onto the 
stage of the microscope. The sample was first left undisturbed at room temperature 
for 1 - 3 days for the growth of liquid crystals. Microscopic pictures under the given 
conditions were than taken if there were some textures observed. Otherwise, the 
temperature was increased by 10 - 20°C and the whole set-up was left undisturbed 
again. These steps were repeated until a texture was obtained. Otherwise, the 
study was stopped when the temperature > 380°C, where the compounds would 
propabably be decomposed. 
ZnPc 31. n-Octanol was used as the solvent. After leaving undisturbed at about 
125-128°C for 1 - 2 days, some fan-liked structures were found, which were still exist 
when the sample was cooled down to ambient temperature (lyotropically stable). 
ZnPc 32. n-Decanol was used as the solvent. After leaving undisturbed at room 
temperature for 5 days or more, some round-shaped fan-liked structures were found 
(lyotropically stable). 
ZnPc 33. n-Decanol was used as the solvent. After leaving undisturbed at room 
temperature for 2 - 3 days, some needle-shaped structures were found (lyotropically 
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stable). 
ZnPc 34. D M F was used as the solvent. Some leaf-liked structure was observed 
after leaving undisturbed at about 120-125°C for 1 day. The texture was remained 
unchanged even when the sample was cooled down to the ambient temperature 
(lyotropically stable). 
ZnPc 35. D M F was used as the solvent. Some fan-liked and leaf-liked structures 
were observed after leaving undisturbed at about 126-130。C for 1 day. They were 
however, changed or disappeared after the sample was cooled down to ambient 
temperature (lyotropically unstable). 
ZnPc 36. D M F was used as the solvent. Some flower-liked and fan-liked 
structures were observed after leaving undisturbed at about 113-115°C for 1 day and 
at 109.5°C for 2 days respectively. They were however, changed or disappeared 
after the sample was cooled down to ambient temperature (lyotropically unstable). 
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Chapter 4 In vitro Photodynamic Activities of Peripherially 
Octa-substituted Zinc Phthalocyanines with Terminal Mono-， 
Di- and Triethylene Glycol Chains 
4.1 Photodynamic Therapy (PDT) 
4.1.1 Brief Introduction of Photodynamic Therapy 
Photodynamic therapy (PDT) is defined as the combined action of a 
photosensitizer，light, and molecular oxygen to generate reactive oxygen species, 
notably singlet oxygen, which then reacts with biomolecules to treat certain medical 
1 ’ • • 
conditions. ’ The most prominent P D T application arguably lies in the treatment of 
various forms of cancers including pancreatic, breast, and skin cancers, in particular 
those of hollow organs such as colon, esophagus, lung, and bladder, etc.^''"^  
Moreover, the principles of P D T are also used to battle other diseases, among them 
age-related ^ aculai^egeneration,‘^ the major cause for blindness in the elderly, and 
arteriosclerosis. 16-18 工打 addition, P D T is at the center of new development in areas 
such as gene therapy】9 and blood sterilization?^  
The successful realization of any PDT concept crucially depends on the 
nature of the photosensitizer,^ ^ whose efficiency is determined among other things by 
its bioavailability, its potency as a singlet oxygen producer, and its accessibility by 
external light in a biological matrix. While the sensitizer's bioavailability in the 
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target tissue can be optimized by adjusting its solubility profile, the photophysical 
requirements define an optical window for sensitizer excitation between 600 - 800 nm. 
Due to the enhanced light penetration of biological tissue at longer wavelengths, 
chromophores with absorbances at the low-energy end of this region are preferred. 
Photofrin® which is commercialized as a mixture of hematoporphyrin derivatives, 
is now widely used clinically despite some deficiencies such as complex composition, 
poor absorption of tissue-penetrating red light, and prolonged retention. As a result, 
there has been a great demand for new photosensitizers that show superior efficiency 
and fewer side effects. Most clinical efforts are currently focused on 
porphyrin-based sensitizers such as the protoporphyrin prodrug 5-aminolaevulinic 
acid (e.g. Levulan)^ '^^ ^ and meso-tetrakis(m-hydroxyphenyl)chlorin 39 (Foscan)^ "^ "^ ^ 
despite their low-intensity absorbance maxima around 630 and 650 nm. To address 
this point, some so called second generation photosensitizers including 
phthalocyanines (e.g. 40), porphyrin isomers such as the porphycenes, • and 
expanded porphyrins^ ^ such as the texaphyrins (e.g. 41)32-34 have been developed and 
are currently being evaluated for PDT applications. 
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Figure 4.1 PDT photosensititizers currently in use or in clinical development. 
4.1.2 Photophysical Mechanism Involved in PDT 
The P D T treatment consists of a systemic administration of a 
photosensitizer followed by illumination with a laser light. Neither of the PDT 
components alone can induce antitumor effects but when combined with oxygen they 
produce lethal cytotoxic agents that can either directly kill tumor cells or destroy 
blood vessels within the tumor.^ Figure 4.2 shows the photophysical mechanisms 
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involved in PDT. Upon illumination, the photosensitizer is excited to its excited 
singlet state. This excited state then interacts with surroundings, leading to 
photobleaching or rapidly loses its energy via intersystem crossing to populate the 
triplet state. This triplet state may then undergo either an electron transfer or energy 
transfer reaction with oxygen to yield the superoxide radical (OJ) or the singlet 
oxygen ('O2), respectively. Both of these cytotoxic species induce oxidative cellular 
damage and ultimately cell death. It is generally believed that the so-called Type II 
mechanism predominates during the photochemical reactions and singlet oxygen is 
the most important cytotoxic species produced.^^ 
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Figure 4.2 Photophysical mechanisms showing the photochemical reactions 
involved in PDT. 
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4.2 Photophysical Properties of Phthalocyanines 34 - 36 
It is worth to clarify that fluorescence emission and the formation of 
singlet oxygen via intersystem crossing are only some of the possible 
energy-releasing pathways. There are, however, many other different ways 
competing with each other. Thus, it is necessary to understand the whole picture 
before studying the singlet oxygen generation abilities of our compounds. 
4.2.1 An overview ofphotochemical and photophysical processes 
A state energy diagram (Figure 4.3) is a convenient tool used to trace the 
pathways for the formation and relaxation of excited states. _ It consists of closely 
spaced energy vibrational levels. The population of various vibrational levels 
follows the Boltzmann distribution. The lowest vibrational level, the zero-point 
level, is normally populated at room temperature to a much greater extent than higher 
energy levels. 
In the formation of excited singlet state, photoexcitation normally takes 
place from the lowest vibrational level of the ground electronic state into one of the 
higher vibrational levels of the excited singlet state. During absorption, the nuclear 
geometry of the molecule normally does not change, although the electrons may 
undergo rapid motions. Hence, a transition is "vertical" in the sense that this 
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transition can be drawn in a vertical fashion as shown in Figure 4.3. After 
populating the upper excited singlet states, conversion to the first excited state, Si, 
through vibrational relaxation is quite rapid, usually within 10^  - 10"^  ps. 
Vibrational relaxation involves the changes in the bond lengths and interbond angles 
as well as the changes in the solvation sphere of the excited state. During this 
process, excess vibrational energy can be quickly absorbed by collisions with 
neighboring solvent molecules to form the lowest vibrational level of the singlet state. 
This excited singlet state is an energy-rich and reactive species. It may 
release its energy or undergo chemical transformations (skipped here). The 
energy-releasing pathways can be classified roughly as radiative (i.e. transitions to 
lower states involving a light emission) and nonradiative (i.e. transitions to lower 
states involving a release of heat). Fluorescence (hvf) is a light emission 
accompanying the transition from the lowest vibrational states of the excited singlet 
(Si) to one of the vibrational levels of the ground state. For the nonradiative 
transition to the ground state, the energy of the Si state is dissipated as heat to the 
surrounding medium (represented by kd). One of the special importance of the 
nonradiative transition in photochemistry is the isoenergetic formation of the 
vibrational excited triplet states form the excited singlet states. This pathway is 
called the intersystem crossing (kisc) and involves a spin flipping of an orbital electron. 
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In triplet states, the electrons must occupy different orbitals, since pairs of electrons 
with parallel spins are forbidden from occupying the same region of space (the Pauli 
exclusion principle). This follows from the Hunds rule, which postulates that 
spectroscopic states of higher spin multiplicity (i.e. triplet state) are lower in energy 
than states with lower spin multiplicity (i.e. singlet state). Light emission from the 
triplet state is called phosphorescence (hvp). 
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Figure 4.3 A state diagram. The symbols hvf and hVp are the quantum yields of 
fluorescence and phosphorescence emission, respectively, while kd, kisc, and kd’ are 
the rates of radiationless conversions. 
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4.2.2 Spectroscopic and Photophysical Properties of Phthalocyanines 34 — 36 
It is desirable to have a way to compare the yield of luminescence 
generated during the course of photoexcitation process. Quantum yield (O), which 
is defined as the number of molecules of reactant consumed per photo of light 
absorbed, is commonly used. Accordingly, Of is fluorescence quantum yield and is a 
measure of the number of photons emitted when a quantity of photons absorbed. 
The fluorescence quantum yields can be determined by Eqn. [6], using unsubstituted 
ZnPc in 1 -chloronaphthalene (Of = 0.30) as the standard. Fsampie and Fref are the 
measured fluorescence (area under the fluorescence spectra) of the sample and the 
reference respectively; ^ sample and A^ i^ are the absorbance of the sample and the 
reference respectively, at the same excitation wavelength; /7sampie and rixd are the 
refractive index of the solvent used for the sample and reference respectively, and Oref 
is the fluorescence quantum yield of the standard. 
77* V A X ” 2 
①sample = 对 二 X ①ref Eqn. [6] 
Fref X ^sample ^  "re/ 
Figure 4.4 shows the emission spectra of 34 - 36 in D M F at 2 x 10'^  M . 
They all show a strong fluorescence emission at 680-681 nm upon excitation at 610 
nm with fluorescence quantum yields ranged from 0.17 to 0.38 (Table 4.1). 
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Figure 4.4 Fluorescence spectra of ZnPc 34 - 36 at 2 x 10"^  M in DMF. 
Table 4.1 Photophysical properties of ZnPc 34 - 36 in DMF. 
Compound X^em (nm)' �广 � , 
S m ^ 
35 681 0.19 0.61 
36 ^ 0.48 
a Excited at 610 nm. 
b Relative to ZnPc (Of 二 0.30 in 1-chloronaphthalene). 
e Relative to ZnPc (O^ = 0.55 in DMF). 
To evaluate the photosensitizing efficiency of these short poly(ethylene 
glycol) (PEG)-containing phthalocyanines, their singlet oxygen quantum yields (①A) 
were determined by a steady-state method using 1,3-diphenylisobenzofuran (DPBF) 
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as the scavenger. The concentration of the quencher was monitored 
spectroscopically at 411 n m with time, from which the values of ①A could be 
determined.38 As shown in Table 4.1，the value of OA follows the order 34 ~ 35 > 36. 
This trend is in accord with the aggregation behavior showed by the fluorescence 
spectra, which suggests that the shorter the PEG-chains, the weaker the aggregation 
and hence the higher the singlet oxygen quantum yield. 
Besides D M F , the spectroscopic properties of these compounds in other 
were also studied. Figure 4.5 (a) and (b) show the absorption spectra of ZnPc 36 in 
pure H0(CH2CH20)Me ( M W ~ 550) (PEG550) and 10% PEG550 by volume in 
deionized water, respectively. In pure PEG550, the U V spectra give absorption bands 
at 360，610, and 676 nm, which are very similar to the spectrum recorded in D M F . 
The Q-band, however, has a larger deviation from the Beer-Lambert law as shown in 
the inset of Figure 4.5 (a), indicating that aggregation is increased as the 
hydrophilicity of the solvent increases from D M F to PEO550. This is further 
supported by the U V spectra measured in deionized water with 10% PEO550. The 
spectra show a broad Q-band at 625 nm assignable to the dimer,s Q-band together 
with a shoulder at 676 nm due to the monomeric phthalocyanine. This suggests that 
36 tends to form molecular aggregates hydrophilic solvents. The UV-vis data of 36 
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are summarized in Table 4.2. Similar results were observed for 34 and 35 but are not 
shown here. 
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Figure 4.5 Concentration dependence of the UV-vis spectra of 36 in (a) pure PEG550 
and (b) 10% PEG550 by volume in deionized water. 
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Table 4.2 UV-vis data of 34 一 36 in pure PEG550 and 10% PEG550 by volume in 
deionized water. 
ConpoimdU Wavelength/nm (log 8) 
In pure PEG550 In 10% PEG550 by volume in deionized water 
34 360 (4.86)，610 (4.51), 676 (5.38) 340 (4.61), 627 (4.45)，676 (4.37) 
36 360 (4.92), 610 (4.55)，676 (5.34) 340 (4.66)，627 (4.49)，676 (4.33) 
To further examine the aggregation behavior, the absorption spectra of 34 
and 36 in several different media were compared. As shown in Figure 4.6, the 
Q-band in D M F and pure PEG550 are sharp and intense, while that observed in 10% 
PEG550 of deionized water and Cremorphor EL emulsion are significantly broad, 
weak, and shifted to the blue. These observations suggest that the aggregation 
tendency of 34 and 36 follows the order D M F > PEG550 > 10% PEG550 of deionized 
water ~ Cremorphor, which may be related to their hydrophilicity. In fact, all these 
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Figure 4.6 UV-vis spectra of (a) 34 and (b) 36 at 2 x 10"^  M in different media. 
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4.3 In vitro Photodynamic Activities 
The photodynamic activities of 34 - 36 against HepG2 human 
hepatocarcinoma cells were also briefly examined. The compounds formulated as 
Cremerphor emulsion were essentially non-toxic both in the absence of light and after 
illumination with a 300 W halogen lamp (人 > 610 nm). It is believed that due to the 
limited solubilities of 34 - 36 in the medium, which enhances the dimmer formation 
from aggregation, the compounds cannot generate singlet oxygen effectively, leading 
to a low photodynamic activity. 
4.4 Summary 
W e have reported the spectroscopic and photophysical properties of a 
series of hydrophilic, peripherally octa-substituted zinc phthalocyanines with short 
PEG-chains. These compounds exist mainly in monomeric form in D M F , giving an 
intense fluorescence emission. Owing to the limited hydrophilicity, however, they 
aggregate significantly to form dimers in aqueous media. Thus, they have low 
photodynamic activity and showed negative results in the in vitro test against HepG2 
cells. 
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4.5 Experimental Section 
4.5.1 In vitro Studies 
For in vitro studies, a series of phthalocyanine-containing solutions were 
first prepared. 2 m M solutions of 29 -31 were diluted to 80 jiM with (a) a 10% (v/v) 
aqueous solution of PEG550 (10.0 m L in 100.0 m L of deionized water); (b) a ca. 0.01 
M aqueous solution of Cremophor EL (Sigma, 0.5 g in 100.0 m L of deionized water) ^ 
The solutions were clarified with a 0.45 |im filter, then diluted with the medium to 
appropriate concentrations. 
The HepG2 human hepatocarcinoma cells (from ATCC) were maintained 
in RPMI medium 1640 (Life Technologies) supplemented with 10% fetal calf serum 
(Invitrogen). About 2 x cells per well in this medium were inoculated in 
96-multiwell plates and in cubated overnight at 37。C under 5% CO2. The cells were 
rinsed with PBS and incubated with 100 \iL of the above solutions for 2 h under the 
same conditions. They were then rinsed again with PBS and re-fed with 100 |iL of 
the growth medium before being illuminated at ambient temperature. The light 
source consisted of a 300 W halogen lamp, a water tank for cooling and a colour glass 
filter (Newport), cut-on 610 nm. The fluence rate (X > 610 nm) was 40 m W cm"^. 
An illumination of 20 min led to a total fluence of 48 J cm"^. 
Cell survival was determined by means of the colorimetric M T T assay.^ ^ 
After illumination, the cells were incubated at 37。C under 5% CO2 for overnight. 
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An M T T (Sigma) solution in PBS (50 i^L, 3 mg mL"^) was added to each well 
followed by incubation under the same environment for 2 h. A solution of sodium 
dodecyl sulfate (SDS; Sigma) in 0.04 M HCl(aq) (100 |iL, 10% by weight) was then 
added to each well. The plate was incubated in a 60°C oven for 30 min, then 80 jiL 
of /5o-propanol was added to each well. The plate was agitated on a Bio-Rad 
microplate reader at ambient temperature for 20 s before the absorbance at 540 nm of 
each well was taken. The average absorbance of the blank wells, which did not 
contain the cells, was subtracted from the readings of the other wells. The cell 
survival was then determined by the equation: Cell survival (%) = ['ZCA/Acontro/ x 
100)]//7, where Aj is the absorbance of the /th data (/ 二 1, 2, n), Acontwi is the 
average absorbance of the control wells, in which the phthalocanine was absent, and n 
(>3) is the number of data points. 
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